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FOREWORD 



Ashqrtage of certified and qualified science and mathematics teachers is 
one of the most visible and critical problems faced by our Nation's pchbols. 
Local, State, and Federal governments; education and science associations; 

universities; the military; and private industry have all turned their 

attention toward this problem, Colfectively, these bodies fonp a national 
movement *ith the common goal of ensuring the Nation's role as a world leader 
in education, science, engineering, and technology. The approaches taken to 
reach this goal, however* are as varied as the movement's participants. 
Hence, there is a need to identify and describe the most viable alternative 
and to focus the effort. The Improvement of Science and Mathematics Education 
CISME) Team of the National Institute of Education (NIE) was established to 
fill this need. 

The ISME Team is charged with planning and overseeing research bti the 
science and mathematics teacher shortage. The team's specific aims are: 
(1) to determine and report on the state of tt£ problem, its related issues 

and solutions; (2) to conduct a national conference on the science and 

mathematics teacher shortage; and C3) to prepare a research agenda on methods 
of alleviating the shortage. A unique aspect of the team's work is its 
emphasis on teachers and the nature of teaching in science and mathematics. 

One of the team's primary tasks has been completed. A conference 
entitled, "Teacher Shortage in Science and Mathematics: Myths Realities and 
Research," was held in the Nation's capital in February 1983. The conference 
was designed specifically to identify the salient elements of the national 
science and mathematics teacher shortage* add corollary data to the existing 
body of knowledge^ and influence and guide future NIE research in the area. 
The conference participants represented people working on all facets of the 
teacher shortage. 

The distinguished contributors to the conference proceedings* agreeing 
that teachers and teaching of science and mathematics is in a state of crisis, 
applied their individual and collective knowledge^ and insights to the problems 
of bur day. They focused on possible myths surrou^ing the teacher shortage, 
the realities and research concerning science and mathematics education, and 
the programmatic solutions operated within an d outside of school setti ngs. 



The conference proceedings include a Welcoming Address by Manuel J. Justiz 
NIE Director; a Keynote Address by the Honorable T. H. Bell, United States 
Secretary of Education; followed by five commissioned research reviews and 
analyses; sii program papers; and the edited transcripts of the discussions^ 
that followed each paper. The concluding section provides possible research 
and practice directions prepared as part of the conference summary document. 

A point of information. In the proceedings there may exist some 
discrepancies between the conference papers and the discussion of the papers. 
The discussions depict responses to the conference presentations and earlier 
drafts of the papers^ The paper authors were encouraged and did make 
substantive revisions of their papers after the conference for this 
publication. 



Educators at ai^ levels, researchers^iegisiators, individuals from 
business and industry, and others will appreciate the conference contributors' 
analyses, historical reflections,. research and curricula reviews, statistics, 
case studies, debates, and suggested directions for action. 

We express appreciation to Lee Shulman, who served as moderator of the 

conference responsible for die "intellectual glue" that connected praenta- 
tions and discussions to the primary themes of the conference. We a«o thank 
Thomas Good and Gail Hinkel for producing an outstanding summary document two 
months after the conference. Over 1,000 copies of the summary document have 
been distributed worldwide and to 50 States. Appreciation is also extended to 
the conference contributors for their professional time and permission to print 
a stimulating collection of papers and discussions. Finally, we are grateful 
t ?_?* x ? 8 taff, in particular Virginia Koehier, and to Caroline Watler and 
Ramsey Sa'di of Dingle Associates, Inc. for their excellent contributions to 
the conference and proceedings. 



Shirley A. Jackson 
Associate Director 




John L. Taylor 
Team Leader 
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PLENARY SESSION 

WELCOMING ADDRESS 

Manuel Jj»_P^p^Zi pixectoi 
National Institute of Education 



It is a distinct pleasure for me to welcome ybii to the National Institute 
of Education's conference on the status of science and mathematics education. 
I have had the opportunity to meet a number of you who will be presenting 
papers and leading some of the discussions; I am very impressed with the^ 
caliber of all participants and with the many different views and perspectives 
that are represented. We are delighted to have you join us in this forun, 
where we hope to continue a vigorous discussion in an area of tremendous 
interest and concern to all of us in this country. 

I have just returned from a hearing in Albuquerque, New Mexico, held* by 
the Senate Budget Committee, oh the issue of mathematics and science. And I 

am pleased to report to you that the concerns that were expressed by 

representatives of industry and by the education community are very much in 
tune with our concerns about the tremendous need for get ting qualified 
mathematics and science teachers in our classrooms as quickly as possible. 

Clearly* mathematics and science are critical to our country's future and 
to its technology and economic prosperity. Technology is changing the 
structure of the world. Our ability to maintain a strong and sound economy 
and to compete effectively in the world marketplace will depend largely on our 
ability to maintain the technological supremacy we have had in past decades. 

When we talk about mathematics and science, and when we talk about 
technology, we also very quickly begin to think of the defense area and the 
critical role that this country plays in providing for the protection of our 
allies arid other nations that share bur views and values. It is clear to us 
that If we do hot keepup* both in industry and in the classroom, it will be* 
as Nobel Prize winner Glenn Seaborg has noted, -unilateral disarmament. w 

In the past, we have tended to look on science and mathematics as academic 
disciplines; This we must continue to do. But we cannot confine ourselves to 
this narrow view. The roles: of science * mathematicsj_and technology have 
expanded, and they are now fundamental to enabling all of our citizens to meet 
the needs of our inf brmatlbh-basedi technology-oriented world. It is apparent 
that we are entering a very vital and major technological revolution-- 
an era in which the microcomputer may well become to American homes and 
families what the pocket calculator became in the 1966 f s. It ie essential 
that we become literate and informed about technology 

To respond to this demand, we will need to overcome the inertia of 
ill-prepared students, inadequate laboratory facilities and materials, and tte 
scarcity of qualified science and mathematics teachers. 
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Consequently, it is imperative that we marshall the tremendous resources 
of this country to the task of gearing our Nation' 8 schools toward excellence 
in science and mathematics education. Th}s will involve including our schools* * 
cojjeges, libraries* museums, military, universities, business * and industry* 
in the deliberations dn how to close the gap between bur technologically 
sophisticated world and the present capacity of bur education system. 

- , 

As befits the current state of knowledge in this area and the appropriate 
role for Federal Research and Development, bur approach in this conference is 
not tbtry to arrive at a solution. Rather, it is to find key people, such as 
yourselves - % both presenters and participants, to join us in investigating the 
problem and considering a national baseline of knowledge on the issues. 
Following this conference, the National Institute of Education staff will 
examine the proceedings in order to determine. the implications for our future 
role and for ttie research agenda that may well be further clarified and 
refined as a result of the proceedings. 



I respectfully challenge you to articulate clearly what you-kdbw~the 
perspectives that you bring to qs— -concerning the mathematics and science 
teacher shortage. Help us to clarify the myths and the realities we are 
confronting and suggest promising research directions. 

I trust this will be a productive conference. yM3. of ui are looking 
forward to reading the proceedings, just as we are looking forward to the 
discuss ions that will take place today and tomorrow. 
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KEYNOTE ADDRESS 



The Honorable f .H. Bell S ^ 

Secretary, U.S. Department of Education ? 



As you meet to discuss the shortage of mathematics and science teachers, 
it is important for you to consider hot only the problems we face today, but 
those we Will be facing over the next 3 to 6 years. To put this in 
perspective, I would like to emphasize three points 5 

* - A-_ 

1. All across the Nation, school boards are increasing * 
high school graduation requirements in mathematics and 
science. Keep in mind that for each additional year 
of study required in either of these. fields, there 
will be a nationwide demand for 34,000 additional high 
school teachers. 

2i Teachers are leaving the teaching profession for 

better paying jobs in the emerging high tech 

industries. The^ef ore, we must not only increase the 
supply of teachers;' we must also make _teaching more 
attractive to* ensure -fewer teacher "dropouts^" 

3. To date, we have not. fully grasped the significance of 
, the microcomputer s as a force that will change bur 

entire teaching and learning methods from kindergarten _ 
to graduate school. Computers are hp longer the fad r 
they were back in the 1960*8. John Naishitt, in 
Megatrends, reminds us that fads are imposed from the 
top down and trends come from the bottom up. " 

It is up to those of us ih_ education to help equip the youth of our Nation 
with skills* knowledge* and values so that they can meet their duties and 
responsibilities to the past and future ^of thtB Nation. Among other tWngs^ 
we have a responsibility as educators to help America remain the technological 
leader of the world. As President Reagan observed in hit State of £he Union 
address, "We must keep that edge, and to do so we need to begin renewing the 
basics, starting with our educational system." Mathematics and science 
education are an important part of past reasohs that America rose to __ - 

international greatness and are extremely important for the continuation and ' 
renewal of American life and the attainment of the American dream. 

_ ■* __~ ^ ~ _ «. 

Some grbiips say there is no shortage of 4 mathematics and science education 
or of teachers to provide that educations Others say the def icits in_ both 
areas' are enormous. Obviously, we need to consider what the need will be when 
we change bur emphasis. We must respond to the need for more technical and 
scientific competence and more scientific and computer literacy. Regardless 
of what the specif ic figures appear to say - 9 it seems inevitable that the 
future of white collar workers including teachers, *m be very strong. It 
takes time to increase the supply of new teachers and retrain existing ones. 



Now I do not mean this as ah adverse reflection oh bur championship 
Redskin football team-^of 'whom we Washiiigtbhians^re very proud— bat the fact 
is that in Ads t of bur American elementary and secondary schools* a football 
herb has more respect than a scholar. Pep rallies receive more attention and 
are far better attended than a debate meet or any oflier type of academic 
competition. We 'have stressed excellence and competition in athletics but 
4 seem to have forgotten them in academics. I 

Education has misplaced its priorities. Mathematics and science education 
are indicative of this. For example, a 1980 survey showed t;hat only nine 
States required 2 years of mathematics for high school graduation, and only 
one State required 3 years. Other data showed that only 38 percent of high 
school seniors reported taking 2-1/2 br more ye&rsof mathematics and near jy 
5 percent. reported taking no mathematics at all. Only bn?-fourth reported, 
taking 2-1/2 years or more of science, while 8 percent had taken no science 
courses. 

H.G. Wells las often been quoted for his observation tiiat history in the 
20th century has become a race between education and catastrophe. That c 
observation has never been more true. It seemsthat we often forget that our 
children will spend _most of their lives in the 21st century, a century of 
bewildering scientific and technological change. We do not have tioe, to worry 
about future shock when we are trying to cope as a people with th* present 
shock and dislocation caused by a society in transition from an industrial 
economy to a hi,gh tech, information-service economy^ The revolution in 
information is as profoundly changing society as did the invention of the 
jointing press or the industrial revolution centurief ago. This revolution 
will make all of- us managers of information. It will free us to build and run 
machines and to pursue better lives in sb many other ways... if we are prepared 
to do so. 

High school graduates not proficient in the basic skills will harrow the 
pool from which future engineers and rtiehtists will be, drawn. Furthermore, 
those students who choose other 'career fields, will not have the preparation to 
deal with the technblogy^based issues tfcey will face as workers and citizen* 
in a Nation whose future* is linfced to technology advances. We are already 

* seeing sighs qf this with the terribly high percentage of unemployed teenagers, 
and young- adults. In the past, students were not made ayare that science was 
important to them personally * *he general population of the United Statea did 
not understand the importance of a firm grounding in mathematics, science, and 

' the basic academic skills. 

'_ r ' _ _ ± _ . 

A point that no American can afford to miss is that world leadership ' 
depends on technological superiority. As the late Premier Brezhnev stated: 
"The field of scientific and technological progress is today one of the major 
fronts in the historical battle between the two systems- (Socialism and 
capitalism) . 

At the end of World War II, the Japanese recognized and made a commitment 
to the teaching bf mathematics and science and to technological development. 
They have met this conmitment 'with high academic requirements and standards. 
In the U.S.S.R., compulsory science includes 5 years of physics and 4 of 




chemistry. Less than 20 percent of U.S. high school graduates take even 1 year 
of physics, and less than 40 percent take 1 year of chemistry. Ironically, 
much^of Japan's advance in mathematics and science has been based on curriculum 
materials developed in the United States in the 1960 f s. 

I want every United States citizen to be aware that many other 

industrialized countries are providing a more intense^ rigorous curriculum for 
their students. They are getting the results they demand, i fear that 
students in these countries are working to gain the education that could allow 
the United States to sink to the status of a second-rate power. We must 
respond to this massive challenge posed by the other industrialized nations of 
the world. 

a 

The strength of our economic system and the defense of our country are 
predicated on our dominance in education and technology. To maintain our 

strength in these areas - 9 and indeed, our national independence, we cannot 

afford to let skills in these fields degenerate. Afi i philosopher Alfred North 
Whitehead once wrote: "It is the business of the future to be dangerous; and 
it is among the merits of science that it equips the future for its duties." 

What we all know is that in order to have quality education^ we must have 
quality teaching. I feel that in ail subjects of academe* we are not 
attracting the desired large numbers of bright and talented people into the 
teaching profession. Most of the other professions and many of the skilled 
trades pay more than teaching. This has been a problem for years, and I will 
not belabor the point because I am sure it is one of which you are ail aware. 
I do not believe that anyone could dispute the fact that there ought to be 
more economic potential in the teaching profession. We desperately need to 
establish the teaching profession as a prestigious, esteemed, , and honorable 
calling. Promising students and talented teachers already in the profession 
should be able to move readily through recognition and promotions to command 
salary and esteem. 

On our college and university campuses - 9 we have established a system of 
academic rank, and it is universally accepted. In academe, we have found it 
both necessary and desirable to go even beyond this point. We have endowed 
chairs and distinguished professorships on many campuses. Compare this with 
the existing system in bur elementary and secondary schools. We have a single 
salary schedule with no salary differential except for years of experience and 
college creditThours. We have no system in our personnel practices that 
offers encouragement and opportunity to be recbgnized-as ah outstanding 
professional worthy of distinction in both salary and esteem. We offer little 
incentive to those who enjoy the life of teaching and who have no desire to 
seek an administrative position. 

I believe we need to establish in American society a new position of 

"Master Teacher." This hew position should be a much esteemed and sought 

after distinction^ among teachers. It should provide a step beyond the ranks 
of beginning teacher and regular teacher, and J.t should command a salary that 
is commensurate with other salaries that recognize accomplishment and great 
worth to American society. 



5 

>i 13 

ERIC 



We cannot continue with the status quo and build a truly great teaching 
profession. The tine is long past d^e for a change. 

There is nothing we do in America that is more important than teaching. 
As we look to the future ahdthe competition we will be facing in a changing 
and fiercely competitive world, we simply ^imis^realize that ©ur youttt deserve 
to be taught by the very best minds we ca^atttact to our schools. In the 
years ahead, our State legislatures, governors, school boards, administrators, 
and teacher organizations must take steps to build a truly great teaching 
profession. There must appear in the law, in the school finance formulas, and 
in the school board policies across the Nltioti new provisions that wiH help 
us to attract and keep the very best talent available. 

It is my hope that what I have been saying about the Master Teacher 
concept would at least trigger more public debate on what we should do to 
build a teaching profession to meet the needs of an increasingly complex 
society. We must make it possible for pur most distinguished teachers to 
comm a nd a salary that is competitive with salaries in engineering, law, 
accounting, and other professions. This will require a big increase in a 
Master Teacher increment. . 

Let us now think about and speculate on the enormous impact that the_ 
microcomputer and silicon chip will have on all of American education. This 
is, of course, directly relevant to what _ we have been discussing concerning ; 
the supply of teachers. Consider the following facts. A few years ago, a 
pocket calculator cost the equivalent of a trip to California. Today, you can 
get one free with your subscription to a magazine. Given, the frantic rate of 
advance in the computer industry, it is highly probable that, in 2 or 3 more 
years, we will have teaching computers the size of a billfold that sell for 
j9.95i :±t will be possibl e to carry around an elementary biology, physics, or 
chemistry teaching computer that wiUTtutor in the requirements of -that-'--;i__. 
subject. Students will buy these computers and use them a|r casually as they 
how use pocket calculators. These pocket-sized teaching computers -will 
contain much of the coursework and basic information now found in our 
textbooks. What is more, these pocket teaching computers will have very 
sophisticated programming that will provide interaction and conversation with 
the learner. 

If you do not believe this to be possible, let me tell you that a 
prototype was developed by the National Physical Laboratory in England a few 
years ago. The teaching computer was called "MDWIE,'' It has more key 
functions than one sees.on a pocket <^culator,_and it_has considerable 
interactive and tutorial capacity in the teaching of Prench_ to English- 
language-dominant per ions and English to Prisnch-languagja-dominant persons. 

This era is just around fte corner. Competing corporations are going to 
be producing these pocket-sized teaching computers by the millions. These 
little raits will be very handy to use, and they willbemass produced at so 
nominal a cost thit competing companies are going to rush into the market very 
soon. This could radically change the scope and sequence of American 
education. 
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Now is the time for teacher! and administrators In education to face up to 
the fact that the computer manufacturing companies aM^ 

our sandbox 9 " and start punching us around. Some mathematics teachers are now 
frustrated with the pocket calculator. The biology teacher, along with the 
physics and chemistry teachers, shcaid be prepared for students who will come 
to school with much of the subject matter available in the memory of a pbcket- 
sized teaching computer. 

We need to recognize this future potential as_a near certainty. We need 
to realize that the pocket teaching calculator will be upon us in a very short 
time, and that it is going to rock the foundations of academe. We must grasp 

the immensity of the computer in education. It is going to lead us to 

bookless schools* to paperless newspapers. Interactive and tutorial computer 
programs will tear lip the scope and sequence of education as we know it today 
and reshape it in a manner that may be traumatic to many teachers. 

The momentum will be carried by the intense competition of Texas 
Instruments, Atari, TRS-80, Apple, IBM, and all the rest that are frantically 
competing for this expanding market i Keep in mind that we spend over $200 
billion in this country on our public and private education establishments. 
This is a market that has the computer companies licking their chops. Parents 
will spend billions more in addition to taxes ahd tuition to give their 
children the demonstrative educational advantages that will be promised on 
television and in full page advertisements in nationwide magazines. 

Now this is crucial to our discussion about mathematics and science 
teachers because the level of preparation and the subject matter mastery of 
tomorrow's teachers will demand effective teacher preparation on the, 
university campus. 

I did not sketch the computer and the future of education with an intent 
to tell you that it will bebad for education. I emphasized that it will be 
what American education will make it—only if we seize the opportunities and 
shape the events to our advantage. * If we do not have both the foresight and 
insight to grasp the significance of the technological future, we fd.U 
on the sidelines, and the computer companies i with their omnipresent software, 
will dominate. 

This is an exciting as well as frustrating time to be involved in 
education. I commend our National Institute of Education for sponsoring this 
conference. We appreciate your participation in it. Mat you have a rich and 
rewarding experience \ 



I look forward to your report and deliberation in helping tb sort but the 
myths and realities posed by the educational challenges of the information and 
high tech age. 




CONFERENCE ORIENTATION 



Lee Shulman* Professor of Education and Psychology 
Stanford University 



My few remarks fall under the category of -Orientation,- but I suspect 
this group needs very little orientation to what it is we are going to be 
discussing over the next 2 days. 

o 

Many of us felt that the late 1950' s and the I960' s was a period of 

renaissance for science and mathematics education iti_ this country— a period 

when the ferment and the excitement over recbnceptualiziflg the mathematics and 
science curriculums, and the social studies and behavioral science curricuiums 
in schools reached a pitch that it had never before achieved and has not 
achieved since. During this period, many of us read an essay by Jerome Bruner 
called -The Act of Discovery.- In it, Bruner told" of the observation made by 
a British philosopher that there were basically three kinds of things in this 
world — you will notice they come in threes, inevitably. 

• First, there are troubles— troubles t that breed feelings of 

dis equilibrium - 9 of unease* and of discomfort, leaving us with a 
sense that there, is something wrong that ougjht to be responded 
to, but little else. 

• Then* there are puzzles— and _puzzies have a very clear 
structure, a very precise formulation, a very elegant design. 

• And finally, there are problems.. And problems are what we have 
when we find an appropriate puzzle to lay on one of our troubles 

What we are here for in these 2 day|_is not merely to a^nowiedge that,^as 
Robert Preston sang so persuasively in -The Music Man,- -we've got troubles.- - 
in this country in the area of science and mathematics education. That will 
yield simply breast-beating and rhetoric. Rather, we are here to find_ 
appropriate ways of transforming those troubles into problems— problems that 
we can then address intelligently, through policy, through inquiry and one 
would hope, through policies grounded in appropriate research and inquiry. 
Our goal is to help move our national agenda from soul-searching and anguish 
to carefully crafted policies in- research. 

The role of research in this kind of activity is to inform practice and 
policy, to provide a basis for ^^aluating policies once-they^are put in place, 
and— I think this is terribly important— to be informed by practice. As you 
look around this room, you find people not only from the research Community 
but from the communities of business, industry, public and private education 
at all levels* and the military— peopl^in the varieties of practices that we 
need to listen to and talk with in order to produce a body of research in this 
country that will both inform practice and learn from it. 
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The focus of our meeting Is the profession, of teaching, especially with 
reference to science and mathematics, the conditions of that profession, and 
the education of teachers. I say this because the planners of this conference 
did not try to include in this 2-day agenda every possible topic relevant to 
the problems of science and mathematics education. For example, for the last 
decade there has been a rich^and exciting body of work under way in the 
cognitive psychology of learning in science and mathematics. ' Although this is 
a very important body of work that, at some point in the near future, must be 
integrated with the deliberations of this conference, it will not be addressed 
explicitly during these 2 days. An important body of work is also developing 
on the uses of technology instruction and in teacher education. That, too* 
will not be addressed explicitly in the next two days. 

We have learned from bur experience in research that the only way to make 
real progress on a question is to delimit it, or set some boundaries on it. 
This may dissatisfy those who rant to do everything at once, but without 
delimiting the problem, you cannot have sufficient precision of deliberation 
and debate, dialogue, and investigation to move ahead. 

I think you have to recall that the meaning of the word -discipline^ is 
itself an interesting pun. It means not only a delimited body of inquiry, but 
also reflects the discipline of the investigator who forces himself or herself 
to work within the procedural rules of a field and to not try to do everything 
at the same time. Clifford Gertz put it very nicely when tie said: "You don't 
have to know everything to understand something. m Our goal today and tomorrow 
is to come to understand some very important things. 



The dilemmas* that Secretary Bell described can sofetimes best be 
appreciated by a particular individual case. Let me tell you of such a case. 
List summer, I had a conversation with a young woman who was beginning a 
12-month program at Stanford University leading to certification as a science* 
teacher. She has a bachelors degree in physics, with distinction, frgm PCEA 
aiid had worked for a year in the aerospace industry in southern California, 
She had come to Stanford to study to be a teacher. One of the things the 
Stanford faculty* does as part of student orientation to teaching is to^paas 
but the salary schedule of the Palo Alto publicr schools. Student teachers 
deserve a sense of what to look forward to when they finish_their program. 
This young woman looked at the salary schedule and said: "You know, if I can 
get 90 graduate hours and work for 12 years, I can end up earning as much as I 
made last year.- And she Just smiled and shrugged. She is still in the 
program; 

This young woman's attitude la one of the things we have to come to 

understand. What are the sources of gratification? What arethe motivations 
that bring talented young people into our profession? What are the conditions 
that we need to foster to bring mora people in? What are the condition^ wi> 
have to create in the field to ensure that young women and men will still De 
teaching not only 2 or 3 years from now, but 10 or 15? These are the kinds of 
questions that we are to address; 

We begin with two papers that examine questions of supply and demand— 
questions of manpower. Now, you might say: "Why in the world, when we have 
thes^ve^ serious policy questions to deliberate, should we begin by merely 
describing what the situation is?" 
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I am reminded of a letter to the editor in Science magazine about 10 years 
ago from a British operations researcher named C.D^ Haddington, who is 
considered in Great Britain, 1 am told, to be the father of operations 
research in that country* In his letter* Waddington was describing what 
operations research was like during World War II, wheti, in effect, they had to 
invent it as they went along, Waddington stated: "You know, too much 
emphasis has been placed oh the fancy equations we had to generate in order to 

do bur work* It is_ important to remind everyone that perhaps the most 

important thing we learned was the importance of first describing carefully 
and with great precision what the current state of affairs was whenever we 
addressed a new problem. We of ten found that when we ha* carefully described 
what was currently the state of affairs, we didn't need complex soldtion _ 
strategies; it was perfectly clear what we ought. to do next. And cei Mainly, 
even when we did need complex strategies, we couldn't proceed without knowing 
what the current state of affairs held." 

Following the advice of Mr. Wadditigton, we will begin with a careful 

consideration of what the current state is with respect to the availability 
and likely availability of teachers of science and mathematics. 

\ 



\ 
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SESSION jl 

SCIENCE AND MATHEMATICS: SUPPLY AND DEMAND DATA 



SUPPLY AND DEMAND FOR SCIENCE AND MATHEMATICS TEACHERS 

Betty jf. Vetter, Executive Director 
Scientific Manpower Commission 



There is abundant evidence of a shortage of qualified mathematics and 
science teachers in the secondary schools, and some evidence of a diminishing 
quality as well. A potential shortage j>f scientists in some specialties, as 
well as of engineers and technicians, will be exacerbated by a decline in pre- 
college mathematics and science education. President Reagan recently described 
the problem as " serious enough to compromise America's future ability to 
develop and advance our traditional industrial base...." (Reagan, 1982). 

This paper examines the evidence pertaining to the shortage of qualified 
science and mathematics teachers and to a drop in quality; discusses some of 

the reasons why the shortage has occurred, the accompanying indicators of 

change in student achievement » and the consequences of a continuation in this 
shortage; and summarizes some of the steps being taken to alleviate the 
problem. Comparisons are made with the educational processes in other nations 
with whom the United States is in competition, both in defense and trade. 

EVIDENCE OF SH0RTA(3E-QF SCIENCE AND MATHEMATICS TEACHERS 
Survey s 

In the fall of 1980 and again in the fall of 1981, the 50 State science \, 
supervisors were asked to assess supply and demand for secondary teachers of 
science and mathematics (Howe and Gerlovich, 1982). Survey results indicated 
that shortages reported for 1980-81 had worsened by 1981-82. 

For 19*0-81, 43 of the 50 supervisors reported a shortage or critical 
shortage of physics teachers; 35 reported similarly for mathematics teachers 
and chemistry teachers. The supervisors reported 447 vacancies for chemistry 
teachers; These budgeted positions were unfilled because no qualified 
candidates were available. However, evidence suggests that this survey 
probably underestimated the shortage -since positions filled by unqualified 
candidates usually were hot reported as vacancies. 

For 1981-82, a physics^ teacher _ihoKage"Ma"BecOTe crltilial in 6 27 States. 
For mathematics, 43 supervisors reported either a shortage or critical shortage 
and the number reporting shortages of chemistry teachers climbed to 38. Only 
eight States reported having an adequate supply of chemistry teachers, with two 
more reporting a slight surplus and three reporting a surplus. 

A 1982 survey of placement directors, as" shown in Figure. 1* as indicated on 
a Scale of 0 to 5, confirms that the shortage of mathematics and science 
teachers is critical and worsening. 
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Figure 1 

Demand for Science /Mathematics Teachers 
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Source: Howe and Gerlovich, 1982. 



In Decemb-r 1981, the National Science; Teachers Association (NSTA) 
surveyed 600 colleges and universities with teacher training programs. NSTA 
reported a 77 percent decline from 1971 to 1980 in the number of mathematics^ 
teachers, and a 85 percent decline in the number of science teachers Prepared 
to teach in secondary school* (See Table 1).. Further, the. study f ounj. that .in 
addition to a severe decline io the supply of persons trained to teach science 
and mathematics, the fraction of those trained who were entering teaching had 
also declined. The combined effect was a 68 percent reduction in newly 
employed science teachers and an 80 percent reduction *« e « ,d - y Q «»P loyed 
mathematics teachers since 1971, as shown in Figure 3 SNSTA, 1982). 



14 

So 

fit: 

ERIC 



Table 1 

index of Science/Mathematics Teacher Supply Data 1971-80 





1971 


1972 


1973 


197* 


1975 1976 


1977 


1978 


1979 


1980 


Science 
Graduating 


100 


90 


85 


75 


65 


65 


55 


50 


40 


35 


teacher s 
Percent Entering 


59 


58 


58 


55 


56 


59 


56 


52 
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54 


Teaching 
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73 


60 


45 
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27 


23 


Teachers 
Percent Entering 


63 


68 
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61 


63 


59 


60 
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The effect of these changes is shown even more forcefully when the data are in 
grapic form (See Figure 3). 

Figure 2 

Student Teacher Supply Index Based on 1971 Supply 
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Source: NSTA, 1982. 
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Another NSTA survey of a random sample of 2,000 secondary school 
principals, also conducted in December 1981 and analyzed by James Shymansky of 
the diversity of Idva, requested information on the qualifications of those 
science and mathematics teach srs who were being hired (Klein, 1982) . The 
survey found that 50,2 percent of the newly employed teachers werenbt^ 
qualified to teach science or mathematics but were employed on an -emergency 
basis- because no qualified teachers could be found (See Table 2). 

The findings, when examined by census regions, show severe problems in 

States where high technology industries require the best-trained science and 
mathematics personnel. For example, in the Pacific States, a whopping 84 
percent of the sciencC~¥^l^hematics teachers newly employed in 1981 were 
unqualified in those subjects. The eastern seaboard and the gulf coasts also 
show higher than average levels of unqualified teachers* 



Table 2 

Percentage of Newly Employed Unqualified Science/Mathematics Teachers 



Census Region 1980-81 1981-82 



Pacific States 
Mountain States 
West North Central States 
West South Central States 
East North eentralTStates 
East South Central States 
Northeastern States 
Middle Atlantic States 
South Atlantic States 



75* 


84* 


44 


43 


26 


43 


63 


63 


23 


32 


43 


40 


11 


9 


40 


46 


48 


50 


45* 


sd* 



All States 



Source: NSTA, 1982. 

The National Center for Education Statistics (NCES) conducted a survey of 
teacher demand and shortages during the 1978-79 school year and fowwLthat^a 
shortage of 600 teachers represented 2.4 percent of all employed teachers In 
the physical sciences (NCES, 1982a); _ In mathematics, the shortfall of 900 
teachers represented only 0.6 percent of employed mathematics teachers,_but 
the proportional shortfall has climbed well above that figure since 1979. 
(See Table 3 for more details.? 
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Table 3 

Employed Teachers and Teacher Shortages, Spring 1979 



Field of Assignment 



Employed Teachers 



Shortages 



Number 



Percent 
of all 
Teachers 



Number 



Percent 
of ^11 
Shortages 



Shortages 
i a Percentage 
of Employed 
Teachers 



Total 

Pre primary 
Primary and general 
elementary 
Art 

Basic skills and 

remedial education 
Bilingual education 
Biology 
Business 

English language arts 



General science 
Health, physical 

education 
Home economics 
Industrial arts 
Mathematics 
Music 



Physical sciences 
Social studies /social 
sciences 

Special education 

Vocational education 
Other 



2,552,000 


100.0 


11,300 


100.0 




99,000 


3.9 


700 


6.3 


.7 


899,000 


35.2 


2,600 


23.3 


.3 


57,000 


2.2 


100 


.8 


.2 


9,000 


- 

• J 






_ 


22,000 


.9 


400 


3.7 


1*9 


30,000 


1.2 


100 


.9 


.3 


45,000 


1.8 


200 


1.8 


.4 


188,000 


7.4 


200 


2.2 


.1 


53,000 


2*1 


100 


1.1 


.2 


76.P00 


3.0 


200 


2.1 


.3 


158,000 


6.2 


100 


1.2 


.1 


36,000 


1.4 






.1 


41,000 


1.6 


600 


5.3 


1.4 


150,000 


5.9 


900 


8.3 


.6 


87,000 


- 3.4 


200 


1.4 


.2 


73,000 


2.9 


300 


2.8 


.4 


25,000 


1.0 


600 


5.5 


2.4 


143,000 


5.6 


100 


.8 




219,000 


8.6 


3,200 


28.3 . 


1.5 


101* 000 


4.0 


300 


2.9 


.3 


39*100 


1*5 


100 


1.1 


.3 



Source: National Center for Ediication^fatistica, 
Number of New G raduates 



1982a. 



Nationwide,' the number of new teachers graduated in the past decade has' 
dropped from 36 percent to 2i percent of all college graduates. This is not 
surprising since a teacher surplus has been apparent in thepiacement 

statistics for several years. But the drop in science and mathematics 

education majors has been even greater. The number of education graduates 
With a major in mathematics (now only 0.5 percent of all education majors I 
dropped 84 percent, from 2,217 in 1971 to 798 in 1981, while the number of 
science education graduates dropped 33 percent, from 891 in 1971 to 597 in 



17 

23 

o - • - 

ERIC 



1981 (NCES, 1982b). This number^ includes biology teachers, chemistry 
teachers, physics teachers, earth science teachers, and general science 
teachers. 

finally* only 5 percent of */t\ cpllege-^bbund seniors in 1982 (2,2 percent 
of the males and 7.4_percent of the females) indicated plans to major in _ 
education (NCES , 1982c ) _, and only 1^3 percent of ^1 educatioa majors 
graduating in 1981 had majored in science or mathematics education (NCES, 
1982b) . 

o 

Thus, it is apparent that there is a severe and worsening shortage of 

science and mathematics teacher a for secondary schools and that present _; 

enrollment trends do not offer hope that the situation will change over the 
next few years • 



in the States 



Some States and even some cities report far more difficulty in filling 

their science and mathematics teacher positions with qualified candidates than 
do others. No national data are available on a State-by-State basis, but 
several States have made some surveys of their ownv 

In North Cffr^linff colleges and universities each year report to the State 
Department of Public Instruction the number of completions in teacher 

education, and the superintendent of each school district reports a vacancy 

count by field. However, mathematics teacher positions filled by teachers not 
certified in mathematics are not considered to be openings. 

An analysis of these reports over the past 20 years by Robert T. Ifilliams 
bf~N^^Cfe^^Fi«^ that the percentage of new 

mathematics teachers asa fraction of all new secondary teachers has declined 
steadily since 1957 (Williams, 1981). Further, the number of reported 
vacancies for ma thematics teachers has been declining since 1969 ^ and, in most 
years, the number of new mathematics teachers has exceeded the number of 
vacancies. However, the same analysis reveals that in none of the 20 years 
were more than 58 percent of the prior year 1 s graduates actually teaching in 
the fall, the proportion fell as low as 20 percent. 

The result of the effort oyer the years to fill every classroom with 
someone, whether qualified to teach the subject or not, has resulted in a 
situation in which only 55 percent of North Carolina's 4^700 mathematics 
teachers are certified ixt mathematics. Among the *ohcertified mathematics 
teachers, 21 percmt_ taught a full load of mathematics classes, while others 
taught only a partial load (See Table 4). ^u^jX^^^w^^vtitied—- — 
mathematics teachers were certified in social studies, physical education! 
grammar, science, or business. 
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Table 4 

Certification Status of North Carolina Mathematics Teachers 



Number of 
Mathematics 
Sections 



Teachers with 

Mathematics 
Certification 



Tea cher s Wi th ou t 
Mathematics 
Certification 



Ail Mathematics 
Teachers 



i 


54 


494 


548 


2 


113 


680 i 


793 


3 


174 


335 


509 


4 


274 


179 


453 


5 


1,557 


266 


1,823 


6 


395 ' 


161 


556 


6 


11 


7 


18 


Total • 


2,578 


2,122 


4^700 


Soarce: Williams^, 1981. 
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Also or Interest are 


the teaching assl| 


gnments for certified and 




noncertif led mathematics 


teachers as shown 


In Table 5. 





Table 5 
Mathematics Tea< 



Teachers 
Certified 
in Mathematics 



Teachers 
Not Certified 
in Mathematics 



Junior High/Middle School 

High School General Mathematics 
Algebra 1 

High S chooi College-Prep 
Remedial Mathematics 



1,759 
919, 
1.410, 
1,723 
138 



1,796 
800 

93 
52 

307 



Source: Williams, 1981. 

The Virginia State Council of Higher Education reports, based on a survey 
of the~141 Ichbol systems In that State (133 reporting), that "The supply of 
teachers available jjto hire is not sufficient to meet current demand in 
particular fields.- Almost half of .the divisions iu the State said they had 
extreme difficulty finding mathematics teachers, more than one third had 
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P??^? 08 .^?^??.^? 0 ^ 618 of earth science, and one fourth reported extreme 
difficulty finding qualified teachers for chemistry and physics bourses. 
Almost half, of the earth science, teachers in the State were uccjertif led in the 
field, despite a 6-year-old regulation that all earth science . teachers be 
endorsed by the 1982-83 school year. Seven percent of the State's chemis try 
teachers did not meet the requirements for certification in that field. 

the number of students graduating from the State's 33 State-approved 
college education programs fell 25 percent in the last 4 years, the number of 
student teacher^ in science and mathematics decreased threefold in science and 
fourfold in mathematics from 1971 to 1980, and only half of the student 
teachers have been entering- the teaching profession after graduation (Moore, 
1982). - ' ; ' 

In New Hampshire only one 1982 college graduate in the State , planned a 
career in mathematics teaching^ In 1980, there were 41 openings for 
mathematics teachers in New Hampshire high schools, but only six graduates of 
teacher education programs throughout the State sought mathematics teacher 
#5rt If ica tibn ("Hath Teachers Sc«ce, w 1982). 

Data from th* National Council of fearers of Mathematics* ^Mathematics 
Shortage: Fact Sheet** in September 1982 reveal the following about some of 
the other States: 

m Missouri , ,0nly about half of the 80 prospective 

, mathematics teachers who were to graduate from ; 
Missouri's teaching institutions were expected to be 
teaching the following fall, although at least 200 
vacancies were expected in the State . The number of 
" emergency certificates issued in 1979 was up 43- ^ ; 
percent over 1978. 

• / ^New^go^ , Only 32 graduating college seniors planned 

to teactt junior or senior high mathematics in 1982. 

< m California . Among more than 400,000 students in 

California's i public four-year institutions in the - 

spring of 1982, only 97 were preparing to be secondary 
mathematics' teachers. 

v __i jj _ ' 

• Texas . In 1982, 20 graduates wire certified for 
mathematics teaching, but only 7 entered tile field. 

• Maryland , l&wsurvey i by the State Departmental 

* Education at the end of the 1579-80 schoo^year 
estimated tha.t 50, 000 secondary students received 
- their mathematics instruction from more than 400 

teachers who Were not certified to teach secondary 
mathematics.-;. In 1982* only 17 new mathematics 
teachers graduated in the State, and 8 entered 
teaching. 
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The State lost 160 mathematics teachers 
In 1982 through retirement and job shifts, while only 
28 mathematics teachers graduated from the 14 State 
institutions. 

New Jersey . The State Department of Education has 

declared an emergency shortage of mathematics teachers 
in 17 of New Jersey's 21 counties. This emergency 

designation permits districts to use unlicensed 

teachers— some without a bachelor's degree — to teach 
mathematics. 

Iowa , The number of graduates prepared to teach 

mathematics dropped from 234 in 1970 to 60 in 1979. 
The number of vacancies, during that « period fluctuated 
between 200 and 250 each year, with the smaller school 
districts having the most severe shortages. 

M ississippi ; According to the J5ta§e Superintendent of 
Education, State institutions do not even come close 
to* providing the 400 to 500 mathematics teachers that 
are needed. 



Compounding the problem of an uhdersupply of hew graduates in science and 
mathematics education is the_serioiis exodus of experienced teachers to 
industry. According to ah NSTA survey of science teachers, the average age of 
science/mathematics teachers is 41, and the average number of years of 
experience is 16. However, almost five times more science and mathematics 
teachers left teaching last year for enpioyment in^onteaching jobs than left 
to. retire. If the present exodus of qualified secondary school science and, 
mathematics teachers continues at the 1980 and 1981_rate_of 4_perceht per 
year, there will be a net loss of 35 percent by 1982 (NSTA, 1982 X. Another 
NSTA purvey found that one in four teachers among the younger faculty plan to 
leave teaching completely (National Science Foundation— NSF— 1982a & b). 

■ ■ * _ ^ ^ 

Further, a survey in Nbtth Carolina ^found that those planning to leave 
predominantly are those who are best qualified, while those planning to 
continue a career in teaching are those least qualified on the basis of 
preparation and test scores (Williams, 1981) i Although there is no ^ 
documentation, it appears probable that those who have left teaching in the 
past few years also areamong those best prepared in science and mathematics 
and therefore most desirable as employees for industry. r 

The reasons for the teacher exodus. to industry are generally so obvious as- 
to need no explanatibh-^-higher salary levels, more opportunities for - 
advancement, an en^ronmeht conducive to accomplishment, adequate equipment, 
and, perhaps most important of all, more respect from society. 
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A quick look at comparative starting salaries at the end of a bachelor's 
degree indicates the value society has placed on teaching compared with other 
science, mathematics, and engineering activities. A starting teacher^in 1982 
averaged about $13i000_a_year. Mathematics majors going to government or 
industry averaged $21*300; computer scientists, about $25,000; chemistry 
majors, $21,000; and engineers, more than $25,00th Only 'biology majors* at 
$16,000, came even close to the teacher salary levels, 

QUALITY OF NEW SCXFNCE AND MATHEMATICS TEACHERS — 

The drop in the quantity of - mathematics and science teachers appears to 
accompanied by a drop in the quality of new graduates preparing for secondary 
teaching. Although, quality is much harder to measure than quantity some 
indicators of quality can be examined. One of the most obvious is the test 
scores of students planning majors in education. 

The College Board reports that among college-bound seniors in 1982, the 
average score on the verbal portion of the Scholastic^ptitude Test (SAfJ vas 
426 and that oh the -mathematical portion was 467. ^ Arong students indicating 
plans to major in education, the verbal scores averaged 394 and the math 419. 
Thus, as a group, students planning to teach are considerably below average in 
this measure of quality (College Entrance Examination Board (CEEB), 1962-1982). 
The scores on the Graduate Record Examination and thfe National Teacher 
Examination also indicate that students currently enrolled in teacher 
education programs are the least competent in comparison with those preparing 
for other professional careers. 

Further, the least competent of the teacher education graduates appear to 
make up the bulk of those who plan to remain in teaching. For example, a^ 
study of teacher recruitment, selection, and retention in North Carolina _foui*i 
a dramatic difference in the teaching plans of Aose who were highest -and 
fthoie who were lowest^* ability.. Of those in the upper 20^percent pi? 
measured academic ability, only 26 percent intended to teach a l ^% 3Q r 
cohtralted with 60 percent of those with the lowest academic ability (CEEB, 
1962-1982). 

* 

The National Center for Education Statistics confirms that the number and 
academic standing of high school seniors planning to major in education were 
lower in 1980 than in 1972. Also, as shown in fable 6, the academic recorils 
of both women and men planning an education major were lower than those of 
their 1980. classmates- who were planning to major in other fields CNCES, . 

Based on an analysis of data collected in the 1980 High School and Beyond 
study and in the National Longitudinal S tud ^of^die^ High School Class of 1972 , 
NCES examined cognitive test scores, questionnaires about backgrounds, nigh 
school experiences, and the plans of these two groups of students. Ten 
percent of the Women college aspirants planned to major in education in if 80 , 
down from 18.8 percent in 1972. Among the men, the segment planning eduation 
majors declined from 6.0 percent in 1972 to 3.4 percent in 1980. About three 
" times as many women as men planned an education major, ancL white women made up 
about 67 percent of all students planning such a major. Shite males were 
second (19 percent) , followed by black females (5 percent), Hispanic females 
(3 percent) , and others. 
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Students planning to major in eduction had lower scores than other 
college aspirants on reading^ vocabulary, and mathematics tests; their grade 
point averages were lower than those of students planning other majors, and 
the number of mathematics and science courses taken lh high school was less 
for education majors than tor others, as was the proportion of courses taken 
that were in academic subjects. Although these differences In academic 
qualification are more pronounced among males than among females, they apply 
In both cases. 

Table 6 

Mean Academic Preparation Measures of College Aspirants, by Sex and 

intended Major: 1980 



Academic _ Total_ * _ Male Female 



Preparation 
Measure 


Education 
Major 


Other 
Major 


Education 
Major' 


Other 
Major 


Education 
Major 


Other 
Major 


Test Scores 














Reading 


52.31 


54.77 


51.86 


55.13 


52.45. 


54.42 


Vocabulary 


51.69 


54.55 


51.75 


55.20 


51.70 


53.91 


Math 


51.54 


55.02 


51.79 


56.58 


51.46 


53.51 


Grade Point 














Average* 


5.25 


6.36 


5.79 


6.18 


6.39 


6.53 


No. of Mathematics 












r Courses 


2.53 


3.12 


2.50 


3^30 


2.53 


2.95 


No. of Science 














Courses 


.62 


.94 


.74 


1.09 


.59 


.78 


Proportion in 














Academic 














Program 


.55 


.66 


.47 


.68 


.58 


.64 



*Self reported, on a scale of i to 9. 

Source: National Center for Education Statistics, 1982c. 

The mathematics tests used for the class of 1972 and for the class of 198Q 
were different and_ cannot be compared. However, comparison of scores on- 
reading and vocabulary tests reveal a drop across time tSee Table 7)._ Reading 
and vocabulary levels may not be the best indicators of the quality of 
potential educators in science and mathematics, but It is hard to see how 
effective teaching in any subject can occur without the teacher having these 
skills. 

Equally distressing is the proportion of ail high school ^courses taken 
that were In academic subjects. Among males [ planning education majors, less 
than. half of all high school cbursework was in academic subjects, and for 
females, the proportion was only 58 percent. 
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fable 7 



Mean Vocabulary and Reading Test Scores* of College Aspirants by Sex and 

Intended Major, 1972 and 1980 



Test intended Male Seniors Female Seniors 

Bfejor 1972 1980 1972 1980 

Reading Education 10.59 9.69 11.88 9.99 

Other 12.03 11.16 12.35 10.84 

Vocabulary Education 6.50 6.20 8.05 - 6.59 

Other^ 8.19 7.43 8.49 7.31 



*Scores are mean formula scores U.e., number of correct answers jrf justed for 
guessing). Maximum scores are 20 on reading and 15 on vocabulary. 

. ■ Among women, the differences in academic qu^ificationa between those 
planning to major in education and those entering other fields appears to be 
widening. Although this trend is not observed among_Mn,^the preponderance of 
women within the total group makes the finding significant as a tool for 
assessing the quality of tomorrow's teachers. 

There are no data separating potential science and Mthematics teachers ✓ 

from other -teachers, but as noted, teachers who are not qualified in 

mathematics and science * but have credentials in other areas of education* are 
teaching mathematics and science anyway. Thus, we must be concerned with 
these findings. 

Some of the States also^have examined the quality of education majors. 
For example, Virginia reports that ^he students who enter its education 
program* tend to have lower entranoi test scores than those who enter _otthmr 
college prelims (Mbdre, 1982). Education majors at State tmiversities scored 
an average of 121 points lower on the combined mathematics/verbal, SAT than did 
their counterparts who graduated in other fields. At private colleges, 
education graduates scored 80 points below others at their schools. 

CHANGES IN STTOENT ACHIEVEMENT 

What information do we have on the effect of Jhese teacher shortages and 
exchanges on student achievement? We catmqt document the relationships even 
as to whether it is cause or effect, but we can examine changes in student 
achievement. 



Since 1962, at the height of the post-Sputnik push for better U.S. 
mathematics and science training, mathematics scores on the Schola^ic Aptitude 
Tests have fallen steadily, as have the Verbal scores (CEEB, 1962-1982). The 
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National Assessment of Educational Progress (NAEP)* in assessments of 
mathematic skills conducted in 1973_ahd I978j found a f harp drop in the 
ability of students, particularly 17 _ years _bld, to apply classroom theory to 
the numericalprbblems of everyday life. Information released by MAEP on 
February 8, 1983, showed a continuing decline in 1980, In this same age 
group, there has been a steady decline in the science achievement scores as 
measured in national assessments in 1969, 1973, and 1977 (NAEP, 1978; 19795. 
This decline also continued in 1986. 

Lowered scores have not been limited to the SAT and NAEP testing programs. 
Consistently lower annual mean scores have been registered on theAmerican 
College Tests (Aef5, the Comprehensive Tests of Basic Skills (CTBS), the Iowa 
Tests of Educational Development (ITED), and the Minnesota Scholastic Aptitude 
Test (Jones, 1981). 

The decline in average SAT scores may have reached its nadir: Se 1981 
mean scores were the same as those for 1980, and the scores in 1982 actually 
increased slightly because of an increase in the scores of Black students. In 
the 1982 tests, Black students' scores rose an average of 9 points on the 
verbal side .and 4 points on mathematics^ while whites gained 2 points in 
verbal and remained at the same level in mathematics (CEEB, 1962-1982). 



Declines in test scores during the 1960's and 1970's have been attributed 
to a host of problems in home* school * and society. The relationship between 
the quality of mathematics teachers and student mathematics scores is not 
quantifiable, but a declining score pattern might, in part, be a cause and, in 
part, ah effect of a shortage of qualified science and mathematics teachers. 
In other words* a vicious circle. 

Some educators and noneducators have attributed this slide to the "new 
math" programs introduced during the late 1960^8* while other' studies show 
that mathematic achievement is higher for students using the new curriculum 
than for those taught in the traditional way. 

High School Graduation and Colle ge Entrance Require menta 

Other indicators of student achievement also should be ^6oted. Since 1970* 
there has been a nationwide trend toward reduction in the number of courses in 
mathematics and science, as well as in such areas as foreign languages* that_ 
are required for a high school diploma. Only one-third of the Nation's 17,000 
school districts required more than one year of mathematics and science for 
graduation in 1982, and one-half of all high, school graduates take no 
mathematics or science at all beyond the 10th grade (NSF, 1982a & b). 

Also, as a group, colleges^ and universities have lowered their 

requirements for admission. This has necessitated extensive increases in 
remedial courses in most institutions. Remedial mathematics enrolments at 
4-year institutions increased 72 percent between 1975 and 1980,, compared to a 
7 percent increase in total student enrollments for the same period. In 
public 4-year colleges, 25 percent of the mathematics courses presently being 
taught are remedial, and at 2-year colleges, 42 percent of these courses are 
remedial (NSF, 1982a & b) . 
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A recent study by the National Academy of Sciences also documents a 
decline in the number of science courses taken by college students who are not 
specializing In science, engineering, or science-related professions. In 
1980, the average nonspeciallst college student devoted only 7 percent of 
coursework to science (NSF, 1982a & b). 

The proportion of high school students who have taken science and _ _ 
mathematics courses that, would prepare. them to enter and understand college 
courses in this subject has grown smaller, and the proportion who are fully 
prepared to major in a quantitative field includes less than one- third of all 
graduates and less than one-fourth of those who enter college. 

IVo studies by the National Center for .Education Statistics provide 
information on the science and mathematics preparation of high school seniors. 
One shows the proportion of all seniors in the spring of 1980 who had taken 
particular mathematics and science courses (See Table 8); 



fable 8 

Percent of Seniors Who Took Courses, Spring 1980 



Course 



Total 



Men 



Women 



Algebra I_ 
Algebra II 

Geometry 

Trigonometry 
Calculus 
Physics 
Chemistry 



79.3 
49.0 
56.2 
25.6 
7.8 
19.4 
37.3 



78.7 
51.3 
58.0 
29.9 
9.8 
25.7 
39.2 



Source: National Center for Education Statistics, 1982d. 

Considering that extensive efforts are being made to bring mbr^women into 
science and engineering fields, their consistently lower participatidft in __ 
mathematics and science courses is troubling.^ Only 28 percent of those in the 
;1980 high school class tbbk_3 or more years of mathematics in grades 10 to 12, 
and only 18.5_percent took 3 or more years of science. About^ twice that 
proportion (30.1 percent) completed 2 to 2-1/2 years of science. 

The situation is somewhat more promising if we examine the average number 
of semesters of science and mathematics taken in grades 10 to 12 by high 
school seniors in 1972 and 1980. In Table 9 we see some increase in 
Dn. 
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Table 9 

Average Semesters Taken by Seniors in Grades 10 to 12 



Subje 


All 
1972 


Students 
1980 


1972 


Men 

1980 


Women 
1972 1980 


Mathematics 


3.6 


4.1 


4.0 


4.3 


3.2 3.9 


Science 


3.4 


3.4 


3.7 


3.6 


3.1 3.2 















However, the small increase in science courses taken by women is accompanied 
By. a small decrease among men. Both sexes- have increased the number of _ 
semesters of mathematics taken during their high school years ( Scient ific 
Engineering Technical Manpower Comment s , 1982a). 



Cause c 



If good teacher 8 are leaving and only the poorer students are entering 
teaching, is this a reflection of the low salaries paid to teachers^ or are 
the low salaries a reflection of the quality of teachers and teaching as seen 
by the taxpayers who must vote * directly or indirectly, on those salaries? Is 

the inability to raise salaries for teaching fields in short supply 

attributable to union rules and seniority practices, or is it attributable to 
citizens* perceptions qf science and mathematics fields as not important 
enough to be taught by qualified teachers How important is^fche fact that 
able women interested in mathematics and science are no longer relegated >tb 
teaching as the only acceptable place for their talents? / 

Why have scores on the mathematics SAT declined so steadily for so long? 
Is it poor or uninspired teaching that has resulted in the ccitinuation of the 
score decline ibng after the original shakeouts of adding significant numbers 
of students who would not have planned to go to college in earlier years? Or 
has the continuing decline in test scores resulted in a lessening of quality 
among those who seek to enter teachingcareers? Or are all of these factors 
intertwined as both causes and effects? 



FEDERAL SUPPORT FOR SCIENCE/MATHEMATICS EDUCATION 

Some thoughtful educators believe that only national intervention can 
bring about solutions to the shortage of mathematics and science teachers* 
Others believe that education is a State and local responsibility and that the 
Federal Government should hot interfere. Many members of this same group 
believe that past Federal efforts have been useless, or at least ineffective. 

The support of the National Science Foundation for such activities as 

summer workshops for teachers and other inseryice training disappeared several 
years ago* although the FY 1984 budget includes |5 million for such programs. 
For the past 2 years, the administration has indicated that previous support 
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for science education was extensive but had not succeeded -, and therefore it 
should be dropped. The facts are just the opposite > NSF support for science 
and engineering education has declined steadily and steeply for the past 22 
years, with science education's share of the NSF budget dropping from a high 
of 47 percent in 1959 to its present low of 2 percent as shown in Figure 4; 



Figure 3 

NSF Science Education Funding as a Percent of Total NSF Budget 
Percent 
50 




1950 



1955 



1960 1965 
Fiscal Year 



Source: National Science Foundation. 

The FY 1984 budget, however, included $39 million for science education, 
with 51 percent targeted for precollege teacher improvement in science and 
fiathematic activities. Further, $50 million is to be provided to the States 
in matching grants for 1-year scholarships to retrain unemployed graduates, 
teachers in surplus fields* and retirees as science or mathematics teachers. 
This crash program aims to produce 7,000 more teachers per year. 

NSF support for precollege science education dropped sharply over a 
20-year period, going from 72 percent of the Foundation's science education 
budget in 1959 to 22 percent in 1980. In 1982, NSF's entire science education 
division was eliminated. As shown in Figure 5, the decline in NSF support for 
secondary school science and mathematics correlates quite directly with 
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declining achievement in science as measured by the National Assessment of 
Educational Progress, and that decline has continued both in budgets and test 
scores. While this does not^ necessarily imply * cause and effect 
relationship, when coupled with other evidence the relationship appears 
reasonable (Klein, 1982). But especially worrisome is the decline among the 
high achievers--those who- will provide* most of the potential pool for science 
and engineering careers. 

Figure 4 

Declines in MSP Support of Precollege Science Education Correlated with 
Declines in Science Achievement at the Secondary Level 



MSF Precollege Science Education Support 
(Millions of dollars) 




a Percenfoe Declines In Science 

Achievement 

(17-yesr-oid-studenta) 



'65 '66 '67 '68 '69 70 71 72 73 74 75 78 77 
Source: National Science Foundation and Education Commission of the States. 

CURRICULUM DEVELOPMENT 

Another likely reason for the decline ihthe quantity and quality of 

mathematics teachers is that curriculum development activities have been 

almost dormant since the post-Sputnik efforts. Although there has been much 
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criticism of the "new" cqrriculums produced with NSF support, a recent study 
indicates that they have been far more successful than- most people realized 
(Anderson, 1982). 

An analysis of 105 studied involving 45,000 students compared those 
enrolled In new science curriculums and -those in traditional curriculums. On 
every measure., including attitude ^achievement, and process skills* students 
taking the new~NSF curriculums scored 14 percent higher overall. Students in 
the BSCS Biology and Chem Study programs scored 17 percent higher than tliose 
in traditional programs. Perhaps most important is that students from low 
socioeconomic groups scored 24 percent higher using the new curriculums, which 
gave minority children in those programs a decided edge over similar children^ 
exposed to traditional curriculums. 

These studies covered a "period of several years in the 1960's and 1970' S. 
Few teachers are left in the schools now who are qualified to teach the new 
curriculums, and almost none have been given the important inservice training 
since NSF stopped support several years ago. The 1984 budget includes a *5 
million program to support woikshops and other training activities for 
precoHege science and mathematics teachers. Further, these programs »re in 
serious need of modification and revision to take into account the developments 
of the past 20 yearl in such areas as computers modern electronics^ and 
technology applications. The 1984 budget does not include fun*s for 
curriculum developments 

, Only if teachers* find their subject interesting can they transmit ?£f- 
tntereit to their students. Teachers who are themselves unskilled in "feir 
subject matter or who are using teaching materials they do not understand or 
appreciate are unlikely to inspire interest in the subject among their : , 
students. . . 

JMTERNATIONAL COMPARISONS * ' . 

One reason that our problems in mathematics and science education concern 
us is that we live in an international setting. We can never again restrict 
our concerns to the confines of our own Cpuntry. We have potential enemies 
and potential trade competitors all over the world. 



system is in marked contrast ©a the emphasis of other industrialize 
(NSF, 1982a & b; Vlrszup, 1981 ^Savage, 1981) . Japan, Germany, and the Soviet 
Union all provide their citizens ^th rigorous training in science and 
mathematics. Comparative studies i^ science and engineering education suggest 
that students in these countries ar^ getting the kind of education that may 
allow them to overtake the United States in scientific and technological 



advances with both industrial and military applications. 

For example, almost 100 percent of Soviet students complete secondary 
educISon^ompared with 75 percent in the United States . Compulsory science 
in the U.S.S. R rincludes 5 years-of physics ana 4 of chemistry; ^ 20 
percent of U.S. high school graduates take 1 year of physics, and only 37 
percent take one year of chemistry. The U.S.S.R.\ffers its students 
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sequences of course material in science and ma thematicsV starting with an 
intuitive level of understanding and progressing to empirical levels and, 
finally, to formal axiomatic and theoretical understandings. U.S. students 
entering these subjects are immediately introduced to abstractions, without 
the prior steps. For many students, these concepts seem hopelessly difficult; 
thus, the students fail or drop put, ot, on advice? of others, simply avoid 
taking the courses because they believe them to be difficult. 



£11 Soviet students study algebra; only half of the U.S. students do.' 
Indeed, half of all U;S; high school graduates take no mathematics beyond the 
10th grade. Calculus id taken by all Soviet high school students -but by only 
3 percent of U.S. students. Seven States require ho high school mathematics 
at all. ^ • 

Nearly all college-bound students in Japanese secondary schools take three 
natural science courses and four mathematics courses during their 3 years of 
high school. While SAT scores werl dropping in the) United States, the * 
achievement test scores of Japanese seniors increased from 54 percent in 1964 
to 71 percent in 1981--a gain the Japanese attribute to "modernization of the 
curriculum." By 1970, Japanese Seventh graders ranked first in mathematics 
over students from 12 Industrialized countries, including the United States, 
and scored first among 19 nations in science tests in both. the 10- and 
14-year-old age groups. In ari-ongoing second international competition 
involving 23 countries, Japan's current preliminary results show significantly 
increased scores ovet- those of Japanese students in 1970 in N both algebra and 
analysts, including calculus (News-update, -'Second International Mathematics 
Study, 1982). "] • . • 

It ii not surprising, then, that from 1963 to 1977 industrial productivity 
grew 19? percent in Japan, compared with a 39 percent growth in the United 
States,. Japan dominates the au^ and steel production Indus tries, has almost 
eliminated competition in consumer electronics, is the industrial leader in 
robotics and optical electronics, and is rapidly overtaking the United States, 
iri semiconductors, computers, and even genetic engineering* 

In West Germany, there is a standard curriculum for ail students through 
gradfe 10, and the only variation is in specialized science-oriented schools 
where each subject is studied more intensively^ 

It is a reflection of these differences that, on a per capita basis for 
the relevant age group, for every engineer graduated in the United States, the 
United Kingdom produces 1.1; West Germany, 1.4; Japan, 2.6; and* the Soviet 
Union, 4.1. 

PUBLIC SUPPORT FOR SCIENCE AND MATHEMATICS EDUCATION 

The interim report of the National Science Board's (NSB) Commission on 
Precollege Education in Mathematics, Science and Technology notes that the 
public has not understood the importance of a firm grounding in science and 
mathematics for all people in a modern technological society, although there 
is evidence that such understanding is increasing (NSB, 1982). 
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, For example, the 97th Congress received stfotig support for bills on this 

•/ issue, and science education will be the subject of major legislative effprts 

/ of the 98th Congress. Administration support is indicate^ by the FY 1984 .__ 

budgets for Science education,. Beyond this, the President has announced a $50 
million cash program to try to produce 3,000 new mathematics and science 
teachers per year by providing l-^year scholarships to unemployed graduates, * , 
teachers in surplus fields, and retirees f _for_ retraining as science and 
mathematics teachers. Provided in the form of block grants » the money is to 
be matched by the States. Some educators have expressed doubts that this 
retraining can be accomplished in 1 year. Nonetheless, this plan, along with 
the increase for science education in the NSP budget* demonstrates the 
political view that the public wants Improvement In science and mathematics 
teaching • 

Some States have made serious strides in pushing improved mathematics and 
science education. Eighteen States have enacted legislation to raise 
standards of eligibility for teacher education, although this move has net 
generally been accompanied by incentives to attract better students » Public 
institutions in eight western States have announced or imposed admission 
standard change s,, or are discussing changes for the future, including 
tightening requirements to include more high school courses, especially in 
English and mathematics (Scientific E ng i nee ring-Technical Manpower Comments , 
; 1982b) . 

Public opinion polls show that. mathematics and science education rate high 

among | terns that taxpayers are willing, to support with their taxes. ^ - 

HatHematics ranked. at the top in a Gallup survey ^f subjects deemed -essential" 
by the general public for high schooi^tudentsi with 97 percent of the 
respondents placing it in^ that category. Science got 83 percent, coming in 
fifth behind English grammar and compositiohi civics and government, and U.S. 
history ( Scientific Engineering Technical^l anpdwer Comments, 1982b). 

CONSEQUENCES OF THE TEACHER SHORTAGE 

The result of shortages of qualified science and mathematics teachers 
already is being felt. Some schools have dropped mathematics courses, 
particularly advanced courses, , for_ lack of qualified teachers. Many schools 
no longer offer physics. Almost all districts have had to use teachers not 
certified in these 'subjects, and the results have often been less than 
inspiring • 

Present and projected shortages of students who are both qualified for and 
Interested in careers in science and engineering cannot be rectified unless a 

higher proportion of the diminishing high school population is given the ;__ 

necessary preparation in high school to enter these curriculums at the college 
level. 

The need for technical personnel in the Armed Forces is well known. This 
need encompasses the enlisted personnel required to maintain and use all kinds 
of technical equipment, as well as the engineers and scientists who develop 
and use sophisticated weaponry. A recent Department of the Air Force report 
examining scientific and engineering shortfalls (U.S., Scientific Advisory 
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Board, 1982) concluded: -Unless corrective action is taken, the USAF 
anticipates shortages of at least 10-15 percent in military personnel with the 
most current scientific and engineering requirements is" Equally important is 
the fact that some military equipment is standing idle because too few 
enlisted men have the background in mathematics and science to be trained in 
the use and maintenance of the equipment. 

A national study conducted in 1980 shows that only i8 percent of the _0«Si 
adult population--varying from 4 percent for persons witii^dess than a high * 
schbol diploma to 55 percent of those with a graduate degree-is interested in 
and informed about scientific matters. Only a small percentage of Americans 

indicated that they would take an active part in controversies involving 

science and technology, and only one in seven has a minimal understanding of 
what it means to study something scientifically £NSF,' 1982a 5 b). This leads 
inevitably to an electorate that may support or protest difficult policy 
decisions on an emotional rather than an informed basis. 



This is not the first time that the United States has fallen behind in 
some aspect of technological development ^ but the consequences of this present 
l/ag, if no change is madei_ could be far more serious than in- previous 
Circumstances because of the rapidity of technological advancement. 

/ There is no exaggeration in reporting that the science and mathematics 
[teacher shortage and its consequences are at a crisis level* Some movements 
are afoot to alleviate that crisis; but in other areas', we do hot seem to care 
enough to take whatever steps would be required to provide ^ah adequate supply 
of well- trained ^ interested science and mathematics, teachers and the equipment 
and supplies necessary for them to do their jobs well. Most school districts 
are unwilling to raise teacher salaries as they must be raised to attract and 
retain competent teachers, although most citizens in those districts probably 
would recognize that * in a democracy, we tend to recognize worth by the salary 
levels we establish for particular activities. Respite unemplbyient rates how 
in double 'digits, we are not taking the necessary steps to provide the 
educational background at the precoiiege level that would allbwahd encourage 
many more of our citizens to become proficient in those skills for which jobs 
still go begging, even during periods of high unemployment. 

As we move to resolve the crisis, we might keep in_ mind a lesson from the 

Chinese. The calligraphy for their word meaning "crisis" consists i of two 

words: "wei," meaning dangerous, and "chi," meaning opportune. Perhaps more 
emphasis on, the opportunity that exists in this crisis might help us to 
alleviate the danger. 
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OQEN DISCUSSION 



DR. DAVIS (Steve Davis, School of Science and Mathematics, North 
Carolina):. We hear a lot of statistics about teachers leaving schools, 
particularly mathematics and science teachers being attracted by industry. 
I was wondering if anyone has done a comparison of whether it's necessarily 
industry attracting mathematics and science teachers or whether it's other 
careers attracting all teachers. In other words, the statistic I would be 
interested in is whether the percentage of science and mathematics^teachers 
leaving for other careers is significantly higher than just! teachers in 
general leaving for other careers. 

MRS. VETTSt: I don't know of any study, except the ones that have looked 
specifically at science and mathematics teachers going into industry, but 
there probably are some. 

DR. ALDRIDGE (Bill Aldridge, National Science Teachers Association): We 
have some indirect evidence that many of the positions being filled in science 
and mathematics are being filled by these other teachers. So I believe that 
if one looks at that, it provides some indirect evidence that we are not 
losing those teachers to industry in the same way we are the science and 
mathematics teachers. 

DR. SHtJiMAN: fiiit what about losing them to real estate and other 
nontechnical jobs? 

DR. STOEL (Carol Stoel, U.S. Department of Education): I think we are 
losing non-science and mathematics teachers because there are no jobs for 

them. New York City laid off 1,500 people 2 weeks ago who were not science 

and mathematics teachers. In Baltimore County^ as I understand, they laid off 
some science and mathematics teachers in September. 

So the problem is one of declining enrollments of young students, losing 
science and mathematics teachers, supplementing with underprepared teachers 
for the science and mathematics field, and hot having the budgets to even hire 
part-time resource science or mathematics teachers where you might be able to 
use them. So there are four points there that are working almost against each 
other. 

DR. SHULMAN: So, Steve, in _response to your question, there appears not 
to be a national body of data unless we have something from the UCLA study. 

DR. ZUCKER (Andrew A. Zucker, U.S. Department of Education): I have 
anecdotal evidence from one State that it is hot the case that people are 
leaving science and mathematics any more than other areas, and there is 
anecdotal evidence from teachers that says the same thing. It's a little 
scary. In other words, it may be teaching, not just science and mathematics, 
that is the problem. 
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DR; SHULMAN: I think that, over the course of the next couple of days, we 
may have to address a number of times this question of: Are we singling out 
science and mathematics when, in fact, the problems are generic? I think that 
is an important observation. 

DR. HECKMAN (Paul Heckman, UCEA, Study of Schooling): Again, it seems to 
me it's a good question. In our data in 38 schools with teachers* two things 
occurred. When we asked teachers why they went into teaching, they said 
because they liked the subject matter or they liked the notion of teaching. 
When we asked them if they'd do it again (and I don't have the specific 
percentage), about 30 percent of those people said they would not do it 
"agaih-^acrbss the subject fields. 

DR. SHULMAN: I of ten wish I had the same kind of data on dentists because 
I suspect that not ail of them would want to do it again either. We never 
know what the baseline to compare these things to is, and we tend to assume 
that in all other fields outside of teaching t everybody is content and happy 
and pleased with what they're doing. Maybe that's something we have to know. 

DR. STAKE (Robert Stake, University of Illinois): I'm wondering if you 
have some information on manpower needs in those specialties that are most 
predatory on the teachers of mathematics and science. Can we expect, oyer the 
next 10 years, strong recruiting efforts to get anyone who has the talents 
that a mathematics teacher or a science teacher has? 

MRS. VETTER: We have a number of projections made by vartous Government 
agencies. They rarely agree with each other. We have some made by industry 

that, as has been pointed out by many other people, tend to project a 

shortage. Government tends to project a surplus. But I think one must always 
recognize that when you're looking at this, you see a shortage or a surplus^ 
depending on your vantage point. And what industry is really saying is* I « 
afraid I will hot be able to hire enough of the students who come out of the 
top 50 percent of the class and have at least a B grade-point average. And 
the Government is saying, "WeH, we are going to graduate 'X' number, and I 
don't think there will be that many jobs," forgetting that, indeed, these 
people don't always end up working or even wanting to work in the area in 
which they have a degree. If we had all the chemistry, majors working in 
chemistry-^whOeVer got a bachelor's degree in chemistry—we'd be overrun by 
chemists, to say the least. Half the women I know have degrees in chemistry. 
None of us are chemists. 

DR. f ALLEY. (Wilson Talley, University of California, Davis) : I have an 
anecdotal comment » but since it came from a senior planning official for the 
telephone company, I think h^oufcht to be listened to. He says that he thinks 
it's just fine that the Government plans to increase the number of people 
qualified to teaolr science and mathematics in high schooli that will make it 
easier for the telephone company to get the programmers they are going to need 
over the next 20 years by offering them $5,000 to $15,000 more a year than _ 
they will get as teachers. 
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MRS. VETTER: The important thing to note is that there is no way of 
projecting supply and demand. You have to do both on the basis of certain 
assumptions. If any of those assumptions are incorrect, your projections will 
turn- out wrong, if they are all correct and anybody listens to them, they 
will turn out wrong because people then won't do what ybii projected they would 
do because they will turn but wrong. 

So I don't have a great deal of faith in the projections. I do say, 
however, that we can constantly watch two things, and I think they are 
terribly important^ one is the unemployment rate within a particular type of 
activity or industry; and the others which Is equally valid, is the starting 
r.aiary levels we are offering to people. By and large, beginning salaries are 
a very good reflection of demand for new people. 

DR. LOCKARD (Dave Lockard, Science and Mathematics Curricula Development, 
University of Maryland): Just an observation on a set of data that we don't 
seem to have. Our experience in science .education, for most of us over 25 or 
30 years old, is that most science teachers do not make a decision In high 
school or even in their freshman or sophomore year in college to become 
science teachers. They transfer from science majors. I think that it would 
be interesting to know about that, because it does affect the supply and 
demand. 

DR. WELCH (Wayne Welch, University of Minnesota, and Principal 
Investigator for the 1981^82 National Assessment in Science): I'd like to 
offer some encouraging hews. _ The enrollments in science courses at the high 
school level~the traditional courses of biology, chemistry, and physics— 
have increased slightly in the past 5 years~about 5 percent— even though 
total enrollment in science has remained relatively stable.^ For example, 33 
percent of the seniors enroll in some kind of science courseV 

It seems strange to me that with enrollments remaining stable at the 
secondary level, that doesn't quite fit very well with the loss of teachers. 

At least I think we are going in the right direction. Furthermore, the 

declines in science scores that. were typical in the 1970' s seem to have 
leveled off, and some of these levels tikve Increased in the latest assessment. 

DR. BUCCINO (Alphonso Buccind, National Science Foundation): I feel a 

need to say that there were a couple of remarks that Betty made about NSF that 
I think really could be qualified a little, but I won't bother to do that. I 
do have another point about what Betty said that I think may be significant, 
especially for NIE, the Department of Education, and NSF. 

Betty indicated and we all know that. these data are incomplete, they_tiave 
gaps and holes in them* and thereare alot of difficulties with them; The 
one chart* for example* about 1972 and 1980 enrollments that seemed to show 
some kind of increases. ..I've gotten into very, very-serious arguments with 
people £bout that, because when you look at the disaggregated data, there are 
arguments about where those increases might be. 

At any rate, the point rd like to stress is that I hope we can take the 
attitude here that Betty^s presentation is not the last word bh the subject* 
with all due consideration to Betty* as far as data itself are concerned. 
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MRS. VETTER: that's right. 



DR. BUCCINO: And one of the things that this conference might pay some 
attention to and suggest to us In the Government is that^ what we need to do is 
to keep an eye on this situation, perhaps give us some guidance as to the data 
and information collection that might be done. All of us agree that this 
problem, no matter what happens, is not going to disappear in the very near 
future; We* ve thought about it at NSF in lp-year terms. This teacher problem 
is at least a lO^year problem. So there will need to be Information. and 
monitoring over a long, long period of time; 

I'd like to underscore that one of the things this conference might do is 
give the government — the Department of Education (mostly NCES) and NSF to some 
extent — some guidance on monitoring and information needs that would be 
helpful here. 

MRS. VETTER: I think everybody in _th±s room who has been trying to work 
on the data is highly grateful no^ only to hear you say that* Alj but to see 
it coming through in the_budgets and auchi^that^ indeed, NSF is now 
Interested in the problem of ficially when we have known that many of you were 
interested in it unofficially before. 

DR. SHU1MAN: One of the things I hope the members of this group will keep 
thinking about as presentations are made is the. implications of some of the_ 
terms we use, like *\mderq^tif led" or "qualified" in teaching - 9 as an example, 
and what if anything we know' about what those terms represent. 

These are important questions. They suggest, for example, that if we 
treat the problems of the qualification of mathematics teachers by doubling 
the number of mathematics courses they take in the more advanced mathematics 
courses that the university offers, perhaps there will not be a magical 
resolution of the problems of mathematics instruction, any more than the 
problems of the distressing rate of Infant mortality in the United States 
compared to other NStiona is likely to be solved by adding an «tra year to 
medical school. 

I'm raising this point because I think that we have to think through how 
obvious some of tiie solutions are and whether it *a a matter of simply adding 
more of wtat we're doing or thinking through some radical transformations of 
how it is we have been going about our business. 
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From the Yankee inventor through Thomas Edison to Silicon Valley, the 
United States has provided fertile ground for innovation in technology. After 
World War II, almost without effort~arid certainly without conscious 
directibn--we dominated the world in introducing and incbrpbratifig new 
technologies into bur society and in exporting them to the rest of the world . 

Like agricultural produce, technology appeared to be a forever renewable 

resource: As fast as we sold yesterday's product, tomorrow gave us a newer 
and better one. 

Alas! For a variety of reasons, for actions taken decades ago as well as 
those today, we have lost that lead. Still strong, we now have to reckon with 
stiff international competition. Whereas 5 or 10 years ago only a few of us 
were concerned by early trends^_today everyone has focused their attention 
the symptoms of this decline. In the confusion of cause and effect, a number 
of studies and references indicate that, in the 1980 's, we are facing or will 
face: 

A national shortage of scientist and engineers (S&E's5; 
A loss in the "technology" race; 

Curriculum problems in primary and secondary school mathematics and 
science; ; 
Instructional and facility limitations in universities. 

If true in whole or in part - 9 - these observations mean problems for^our 
Nation. In particular, Army leadership, became concerned about the Army's 

ability to discharge itl mission in the next decade and beyond. In the fail 

1981, Deputy Assistant Secretary Amoretta M. ffoeber asked the Army Science 
Board (ASB) to study these and ^ther indicators, to assess their validity* and 
to recommend actions for the Army and other organizations that would relieve 
the situation. The present paper is based partly on the November 1982 "Summer 
Study" report §f that task force (Talley, Note 1) and the November 1980 report 

of the President-Elect's Task Force on Science and Technology, as well as on 

other studies and personal bbservation#. Thuii While lan? of the findings ana 
actions proposed here are to be found in the ASB Summer Study or in the task 
force report * hot all are, and so I must take responsibility for them* 

ARMY SCIENCE BOARD SUMMER STUDY ON SCIENCE AND ENGINEERING PERSONNEL 

The Summer Study is one of the most complete assessments of the present 
and future SfiE situations. The conclusions of the ASB Summer Study as to the 
Army's SSE problems are much more optimistic and positive than had been 
expected. Unfortunately, the problems that were identified and the solutions 
proposed are not as popular — in both senses of the word — as the participants 
thought would be the case when they began. - 
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Despite the fact that the Army tends to be the "caMry-lh-the-cbal-mlue* 
with respect to Its sensitivity to S&E manpower fluctuations, the fundamental 
conclusion was that the Army problems are manageable in the near term. This 
is a very positive finding, for the Army's R&D efforts and S&E requirements 
are a representative subset of the Department of ^fense f s(DOD) efforts and 
requirements, which, in tunr, are similar to those of the rest of the Federal 
Government. The Army's S&E quantitative requirements— numbers of people— are 
not a large factor in any national .shortage. Potential problems relate more 
to quality than to quantity of S&E's. However, the Army has cause to be 
concerned yith the general national level of technological literacy. 

It was also found that, while possible solutions to the Army's problems 
need more thro just the Army to effect them, the Army can play a useful role 
in solving some parts of the larger national problem. 

In what follows , the needs and actions of the Army tend to be similar to 
those of other elements of DOD, other Government agencies, and the private 
sector. One area of the Army Science Board report— the need to increase the 
numbers of career officers trained as S&E's— is peculiar to the Army and so 
will not be addressedThere^ Thus^ this paper will discuss the most general 
findings and recommendations wherever possible. However * the ASS report is 
one of the most recent, complete analyses of the heeds of a major user of 
scientific and technical manpower and is thus an excellent, specific case 

QUANTITIES OF SCIENTISTS AND ENGINEERS s SUPPLY AND DEMAND ESTIMATES 



The original impetus for studying S&E manpower for the Army was a 

perception that there were^br would be— shortages i and^ that the Army would be 
unable to compete in the labor market. Si^lar^concerjas have caused the other 
services and DOD to examine the situation ami trends ^Caihoun^ Note 2; _„ 
Hermann, Note 3; Rabin, Note 4; Bennett, Note 5; Seitz* Note 65. These 
independent studies ail tend to say that there is hot a general manpower 
problem, but that there- are problems. L , . 

But why is there_ no .quantitative S&E problem for the Aray?^Demand 
estimates— and to a lesser extent supply estimates— of future scientific 
talent are notoriously unre liable. They have proved to be so in the past; 
they are not likely to enjoy more accuracy in the future. Indeed, even a 
current census of how many physicists are how plying their trade is 
imprecise: Some do not wish to be counted; some degreed physicists are not 
working in the field; and some in the field were not originally 'trained in 
physics. 

Given some figure for the present pool of a particular type of scientist, 
however, actuarial estimates give reasonable numbers for the declines due to- 
deaths, retirements* and job switching. This third factor is sharply affected 
by external economics and/or scientific breakthroughs in particular fields • 

Complicating the picture is the fact that the decision to preserve the • _ 
option of going into a career in the hard sciences or engineering is bes^made 
at the junior year of high school— grade U. The typical L source of information 
about job opportunities for these youngsters is television and the print 
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media. Because "news" is more often "bad news," the typical story about jobs 
for scientists and _ e ??* n ? e *?_i s _* n Y? r **ki? about unemployment . There will be 
an occasional story about high salaries, hut only because a "critical shortage 
of new blood is about to cost the United States its leadership in field *x f . M 
Thus, because of the 6- to 10-year "processing" time, we tend to have cycles 
in the technical manpower picture. At its worst, the oversupply in scientists 
and engineers result in unemployment /underemployment approaching that of the 
general population. Because the "normal" unemployment rate for technical 
personnel is an order of magnitude lower than that for the general population, 
the periods when the technically trained lose their employability edge 
occasion widespread publicity. 

The bottom line on any set of projections is whether the end result is 
predicted to he a matching of jobs to people or a mismatch in one direction or 

the other. Because such "net" predictions tend to be reverse prophecies (that 

is, they are the opposite of "self-fulfilling" prophecies), the important 
consideration in evaluating the validity of these predictions may well be the 
institutional home of the people making the projections. For example: 

• Teams composed of those representing industry tend to predict future 
shortfalls. This produces an attraction of students into those 
fields and, eventually, a glut, and industry finds itself in a 
buyer's market for talent. 

• Professional societies, especially those that are protective of their 
members 9 careers ^ can be counted on to predict miserable times 
aheadi The "golden age" is past; jobs won't be available, 
industrial and Federal. research budgets are down, and so on. If the 
audience of young. people believed these dire forecasts and if there 
were rib other. influences s _ there would be a diminution of new entrants 
into the pipeline, some already in would drop out, and the end result 
would be an eventual seller's market. 

• Academicians face a diiepa in that their institutions rieed^ grist for 
their academic millsj but their graduates need jobs* Breaks from an 
understandable paralysis of indecision generally result in well- 
tempered, middle-of-the-road projections. However - 9 these usually are 
projections that tend to run against the stronger of the two currents 
above. v 

Despite these problems, heroic efforts on the part of 3 people like Betty 

Vetter have produced useful quantitative estimates of the current supply of 

scientists in the United States, with the variations in these estimates being 
due mostly to differences in data bases. For instance, to be included in the 
National Science Foundation *s (NSF5 total science arid engineering, pool* an 
individual must possess two or more of the f bllowirig qualifications: (1) 
highest degree is in science or engineering; (2) current or most recent 
employment is (was) iri a science or engineering job; arid (3) self- 
identification is as a scientist or engineer. Qualified scientists and 
engineers employed iri ribi-S&E_ jobs _whq report their ndn-S&E field are not 
counted iri the survey. Thesize of the pool, as reported by the NSF, is 2.741 
million. Considering that 5.58 million persons have earned one or more 
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degrees in science or engineering since 1948^ one could conclude that SSE 
shares with law training the fact tfcat 50 percent of thof^ trained in the 
field do not practice the profession! 

Of the 60S employment of S&E's, the Army can be considered "average" or 
"representative" of three services. While the Army has fewer uniformed S&E's 
than the Air Force, it has more civilians. Thus, it is not surprising that_ _± 
the recent ASB Summer Study agrees in general with the conclusion of other DOD 
studies in this area. Namely:. Despite occasional regional mismatches of 
supply and demand in some fields* th» problems of the Ari^ (atrf_of _others- in 
DOD) in recruiting and retaining quality SSE's are only secondariiyrelated to 
these shortages, _ While exceptions can be found, particularly for upper level 
S&E vacancies left from the massive retiremeuts^tnd resignations in 1979* 
neither available aggregate statis tics nor interview. id£h Ainny Rffl managers 
support a conclusion that _the_Any is unable to attract and retain adequate 
numbers of S&E's. This is particularly true at the "working level"— GS-7 to 
GS-13. Since October 1980, the size of the Army S&E workforce has grown by, 
approximately 7 percent, from 27,500 to 29,600. The Army S$E voluntary loss 
rate, which in the 5-year period 1.976 through 1981 ranged from 1-1/2 percent 
to 2-1/2 percehtj. compares favorably with the Department of Defense as a whole 
and with comparable Industry statistics i 

In the event of ^reai shortage, and certainly with respect to hiring 

quality S&E's, the Army is at a competitive disadvantage with^ the private 

sector for several reasons: The Army is unable to pay for expenses incurred 
in an employment interview; the Army takes a considerable amount of time to 
make a job offer; and Army starting salaries are lower. Although the Army may 
hire directly, scientists must appear on an Office of Personnel hfcnagement 
register before the Army can even consider them for employment. This is 
particularly unfortunate in the case of computer scientists, for whom the 
national shortage is as serious as it is for engineers. In sho^t, the 
Government personnel system does not accomodate to the needs of SSE 
employees— they are a minority much more strongly affected by market forces 
than the majority of Government employers. 

Overall, however, the Army has_np "numbers" problan because the Army 
employs only about 1.2 percent of S&E's, its skill mix lags the current 
national distribution (so the Army does not compete for the newest, thus 
smallest, components of the pool) , and it usually does not attempt to compete 
against industry for the very top S&E's. 

That ends the good news. 
REDUCING DEMAND 

_ ^ i^-^^^t^^^^ appear tb be a quafiitatlvr 4 pf BjOHra'CB" 

S&T»-ahouia not lead to a false sense of security, since there is no 

obdctiv* ^sig-fo^ximsludins that the quality of Ehe S&E's is adequate to 
meet Army requirements. ^S^irTl^^ 

the Army work force at the GS-12 level. This fact may not ^disturbing in 
itself / If, however, these losses comprise the higher quality from the 
journeyman level, as many managers seem to believe, the nmto bmcowj^ - 
aHrming! There are parallel losses in other DOD services (Rabin, Note 4) and 
in noh-DOD agencies. 

44 




49 



There is a distinct lack of objective indicators. Anecdotal comments, 
ranging from "quality has never been better" to "hone of them are competent 
can be found to support any claim. for current new hire quality* Similarly, 
quality assessments of existing S&E's are subjective and diverse. Unless the 
Government commits itself to making objective assessments of 'staff quality, 
which can be monitored for trends, it will never be in any better position to 
confidently assess the quality of its S&E's. 

Finally, the Army^and the other services are shifting toward ever higher 
technologies. It makes little sense to spend millions on sophisticated 
hardware and software if the people-- not only officers but enlisted personnel 
as well--iteeded to maintain, operate, ahd_ repair the systems are unavailable* 
It may be the question of national technological .lite racy that i s the ^og^ 
critical to the Army as it strives to disc harge it s mis sion . 

There* are several ways to attack mismatches of supply and demand. One 
major thrust to reduce unnecessary demand is to review and rationalize the 
manner in which defense contractors— a major sector of ail S&E employers—use 
such people. DOD is captive to a procurement process that wastes S&E talent 
in the development of new systems and produces finished Items that demand high 
skill levels of the users. i 

The ASB Summer Study points but that multiple contractor competitions may 
result in largely wasted effort by many of the best S&E's of the losers. This 
may amount to the loss of tens of thousands of valuable person-years-. The 
waste is particularly evident when all contract or s are technically qualified , 
DOD specifies the design point details, and the competition seeks only to 
establish the lowest credible cost estimates. Here, the low bid may resultr 
from minimum factory costs, yet the most creative and competent S&E's of the 
losing contractor^ s) waste their time producing Separate designs, all of which 
meet military specif i cat ions. 

Many DOD contracts specify complete system integration to allow minimizing 
initial acquisition cost. Thus they make no provision, provide AO budget, and 
give no competitive credit for designs having minimum tfmes and costs for 
system upgrades to overcome 0 obsolescence. This can result in the use of 
numerous contractor S&E person-years for ma jor redesigns or in completely new 
programs to correct a system for obsolescence of some of Its key elements, 
despite the fact that other elements may not be obsolete for many years. ; 

There is as yet too little appreciation of the advantages of designing and 
fielding "user-friendly" systems * that is, systems that require little 
training to use and thkt are easy to maintain, operate, and repair. Not only 
do such systems enhance operational efficiency, but they keep the requirements 
oh the intelligence and educational background of operating personnel to 
reasonable levels. This same consideration applies to civilian products, but 
the market tends to favor user-friendly products — simple survival will 
eventually produce the easiest-to-use products. 

The tendency to look only at front-end cbsts.is hot restricted to the 
DODi The sewage treatment plant program of the U.S. Environmental Protection 
Agency (EPA5 is a particularly apt example, because of its eventual impact on 



primary and secondary education! The EPA pays 80_percent of the capital 
costs: the State and local governments pay the rest. The problem is that the 
$66 billion is spent primarily as a public works program. The technology 
installed is that rff the 1930 f s. Because of this , the operation and 
maintenance costs over the 30-year life of these structures will be as much as 
five times that required of plants using toe latest technologies. These 
facilities require an ?raecessariiy high ieyei of technical competence for 
their operators^ And the local gfcvernment_must pay the operating costs with 
tax dollars that could have gone for primary and secondary school support! 
Thus we have an example of a lack of -technological literacy" producing a 
situation that is not only costly but tends to continue technological 
illiteracy. 



I NCREASING SUPPLY 



There are several aspects to increasing the supply of S&E's. One has to 
do with increasing the quantity of S&E f s, another with maintaining their 
quality. Yet another touches the matter of upgrading and increasing the pool 
of high school graduates capable of (and interested in) careers in science and 
engine ertng~and thereby of raising the general level of our national 
technological literacy^ These topics are difficult to separate. 

if 1 

Mo one has been able to establish an "ideal- student /faculty ratio, nor 
hk& anyone been able to ascertain the maximum ratio beyond which the quality 
pf^ducation declines. However t ba§ed on authoritative statistics of the past 
15 years, it is clear that neither the number of faculty nor the number of new 
Ph.D^s (the pool from which faculty are drawn) is growing as fast as 
undergraduate engineering enrollment. 



In particular, the overall student/faculty ratio in United States 
engineering schools has increased by nearly ^50 percent since 1974 and is 

to increase*. Furthermore, the number of new engineering Ph.D. f s 



has been falling v since ±972, with most of this reduction due to declining 
numbers of United States citizens earning Ph.D.* 8. As a result, thfe outlook 
for the n^t decade is still fewer engineers qualif led to fill faculty 
positions, with^e likely outcome being further increases in the 
student/faculty r&tib . It is certain that if these trends continue , the 
quality of undergraduate education for engineers wili at some point 
deteriorate to an unacceptable level. 

Another problem iSvthe ability of universities to maintain Jirst-rate 
research facilities asv distinct from maintaining firs t-rate teaching 
equipment. A decade brl^lo ago* the maj or research jmivers it ies had 
facilities that matched the best to be found in Indus try^or in Government. No 
longer. Deferment of repricing equipment fias reduced thS ability of some 
schools to train S&E's in the forefronts of certain felds. Compounding the 

problem is the fact that newXequipment is far more expensive than that it 

replaces — far beyond increased at tribiitab.le _ to in£lation~and becomes obsolete 
even more rapidly. This wuld Nlndica^c ttat the traditional methods of. 
rebuilding these /assets (Government or foundation grants,- say) are hot likely 
to work. \ 
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Increasing the High School Graduate Pool 

Great concern has been mounting within the past few years over the lack of 
scientific and technological literacy, i.e. , Understanding technology and its 
potential, of United States high school graduates. Many factors are 
responsible for this dismal condition. Very few secondary students take any 
mathematics or science courses beyond 10th grade. This is in marked contrast 
t°_??? nt: ries such ??P??^ .Germany, and the Soviet Union, which provide 
rigorous training in mathematics and science.* In nany cases, students take 
only the minimum amount of credit Scurs in these subjects to, fulfill the High 
school graduation requirements. Because of these minimum standards, a small 
number of students elect to take advanced mathematics, statistics, physics, 
chemistry, or calculus. Honors or advanced courses are available at some 
schools, but they are for those few who have taken the prerequisites and who 
want to take those courses. Only about one-sixth of all secondary school 
students currently take junior and senior courses in mathematics and science. 

The common perception is that this will eventually reduce the numbers of 
people studying for bachelor's, master's, and doctorate degrees in science and 
engineering. There is little evidence to support this contention. On the 
contrary, as engineers make up 6 to 10 P 617 ? 6 ?* Pf the college population, the 
pool of high school graduates that could major in S&E is still far larger than 
the number who do major in S&E. Fluctuations in the number of S&E's in college 
depend more on high school students* perceptions of career opportunities" than 
on the quality of elementary and secondary mathematics and science education. 

Increasing the General Technological Literacy 

The more serious problem is related to the ability of our increasingly 
technological society to fraction smoothly if our citizens do not become niore 
" technologically literate. While there can develop the general problem of an 
electorate having to decide between two technological options without fully 
understanding either^ the military has more specific problems. 

It has been suggested by Dr. RusaLp'Neal that: 

"We won World Wlr I because bur troops could repair 
bicycles; and we won World W&r II because d ( ur troops could 
repair trucks; but we "could lose a World W&r III unless our 
0 troops can operate and maintain computers! 9 * 
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*For example, Japan has a national guideline that 25 percent of instructional 
time in grades 7 through 9 be devoted to mathematics and science. The Soviet 

Union has national elementary and se^^ 

science, and Germany has a standard curriculum for ail _ 8t: a<ient8^ In contrast, 
in the United States^ most students take no mathematics or science beyond 
grade 1CV, only one- third of the 17,000 school districts require more than 1 
year of mathematics or science to graduate, and classroom laboratory 
facilities and equipment are obsolete and/or unsuitable for modern technical 
training. 
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Even if this is only partly true, it illustrates the fact that the Army, 
should be very interested in the general population's level of technological 
competence.. "High technology" is a relative term. The typical U.S.S.R. 
inductee must be taught lo drive a truck, while his United States counterpart 
begins service with that skill. This operational advantage should remain with 
the United States even to the year 2000, if the average American retains a 
level of technological literacy comparable to that he or she has today. t 

Unfortunately, the present "educational system" in the United States 
primary and secondary schools-works to slow the rate of rise in its graduates' 
technological literacy. Consider: Of those high school graduates who have 
little interest in or aptitude for the hard sciences, some will go on to 

college. Not surprisingly, few of these people will take advanced 

mathematics, statistics, physics, or chemistry. Given these circumstances, 
their career choices are constrained. Among careers open to them is 
"education," and some will select that field. Upon graduation from college, 
they become accredited primary and secondary teachers. While some accredited 
teachers are competent to teach science and mathematics, they are in short 
supply.* Indeed, those who can teach these topics are eagerly sought by 
industry i As it's rare f or = competent mathematics and science teachers to 
receive premium pay, it takes dedication to resist industry. The odds then 
tend to favor the situation in which the next generation is exposed to 
mathematics and science by people uncomfortable with the topics. Students 
taught subjects by teachers who are incompetent in those areas are dnlikely to 
explore the topics further * And so the cycle repeats. 

SifcUTiQNS ; SHORT- AND LONG-TERM 

As present* national problems and trends were a long time in building, it 
is not likely that the solutions will be easy to apply nor quick to take • 
effect. P^rth^ no one element of our society can provide all the answers by 
itself-certainly not, for example, the.Army. And aa an lU »« ra f ^ 
Army can remedy only a few of its problems. But there abactions th*t can be 
taken by the Army, by the WD, by the Government, and by the P^"f 
that can have Immediate impact. And there are other actions that can lead to 
the long-term resolution of our difficulties. Both short-term and long-term 
solutions should be attempted * ^ 

» 

The first ac tions should be^feose^that^reduce the demand for ^eieatistg^ 
and engineers. As ' an example, D OB acquisition procedures tnat P^^ffi 
exacerbate contract needs for S&E's can be ^argely corrected by expediting 



*A recent survey conducted by the National Science Teachers Association found 
that in the worst region—the Pacific States area— 84 percent of newly- 
eJSoyed science and mathematics high 'school teachers were unqualified to 
teach in thesf areas. Paul Hurd, emeritus professor at Stanford, reported at 
T^Z ^82 conference of the American Association for the Advancement of 
ScSncI lhal! hationwide, iff the teachers employed by high .schools to teach 
mathealtJcl orTscience'for 1981-82, 50 percent were unqualified and were 
teaching with emergency certificates. 
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Implementation* of those ^Deputy Secretary of Defense). Cariucci Initiatives 
related to procurement efficiency^ Jfn particular j more clearly defined 

?®lf c ?i?^ c ?^ te ?* a i_^? c i ,J ^ iia ?_^ enti *f9? t1 '?? 9? disqualifiers (such as 
overload, lack of credible capacity, lack of credible ability to build-up^ 
etc.) could discourage potential losers from entering competitions, thereby.; 
probably reducing the number of companies that waste S&E efforts by 40 to 60 
percent. ^ V 

Over the longer term, if systems were engineered to permit product 
improvement once fielded, there would. be less frequent need for massive R&D 
efforts to develop totally new systems. (An added benefit is that the cost of 
defense systems probably would then decline. ) 

The pse of computers for various types of engineering and scientific work 
can substantially reduce the total S&E hours required for a program, 
particularly during large program buildups requiring numerous new hires, and 
thus also reduce the heed for more S£E*s. However, many companies, 
particularly at the second and third tier subcontract levels, will need 
Government help to defray the cost of computer intensive systems. 

ThV" second 'tier of actions should be to provide new S&E' s for the Nati o n 
and to upgrade the skills and talents of existing S&E' a. There are several 
such actions. The first, if adopted, could have the same sort of impact on 
S&E education as did Sputnik. 

Defense contractors have utilized the approximately 50 percent tax 
write-off to tender support to universities. This support is how heeded, ; ^ 
especially in those areas of technology vital to national security. 

The simple expedient of allowing 100 percent recovery of university-related 
expenditures by contractors Oil defense contracts would achieve the desired 

results. Examples of such expenditures would include the following: " 

fellowships; purchase of equipment; refurbishing or building facilities for 
key technologies; unrestricted funds to aid faculty recruitment and retention; 
participation in nofatask specific activities such as industrial liaison, VLSI, 
and CAD university /Indus try" crops or tia; and employee education expenses 
currently disallowed. Each contractor should be allowed to structure his own 
program, glided by his enlightened self-interest, and should have the freedom 
to select universities of his own choice. The amount of expenditures can be 
controlled by establishing a ceiling, applied uniformly, as a percentage of 
the contractor's DOD sales. 

The DOD need not work only through its contractors. It can^also move 
directly to bolster the ability of universities to provide competent S&E* s by, 
for example, expanding scholarships and fellowships targeted at fields of 
interest to the DOD *or continuing and expanding the practice of employing 
faculty as consultants. And in areas of particular concern to the DOD, areas 
that are relatively neglected by the rest of our Nation, consideration should 
be given to establishing and supporting "centers of expett±Be n at 
universities. For example, the Army supports a Center for Mathematical 
Research at the University of , Wisconsin-Madison and has begun to set up three 
Centers: of Air Lift Technology. Even in areas that are currently "hot" in 
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academia, elements of Interest to the DOD sometimes tend to be 
underexplbited . For example , in biotechnology , quick vaccine production and 
detoxification agents may never be developed through market forces. 

The term "center of expertise" is used to span the spectrum of ways to 
gather together critical masses of people, as well as convey an intention of 
stability in the funding pattern. -Boom and bust" funding must be avoided i 
With sufficient duration, support in a technotogy/science area creates a pool 
of talent; The talent may be the workers at the center or its graduates, but 
the people are an implicit resource^as consultants oru as prospective 
employees. fhusi,^he center would produce not only data, but also the 
personnel necessary to make further advances in the field. 

This center of expertise—in essence, the academe equivalent of the "warn 
production line"— would be maintained to assure a stream of products/ talent in 
a Vital area; Either these fields or those where progress is painfully slow 
may require many years of DOD supports But even for these, an end must be 
anticipated even as support begins. _ Thus, a general rule in establishing 
centers should be the expectation of an ^eventual end to sole J)OD support, and 
periodic riviews (say, every 3 years) should be made to determine Vhether 
continued support is warranted. 

No one is likely to object to the above center of expertise concept; Let 
me now suggest a more 'drastic solution: That the DOD and comparable high 
technology institutions must move into an activity once solely the province of 
American universities— the, education of graduate S&E's in the conduct of 
research. • 

Hot bnlyare the scientists and engineers of such agencies as the 
Department of Defense, the Department of Energy (DOE), the National 

Aeronautics and Space Administration (NASA), and others frequently local or 

national experts, in their areas of technical competence, but the installations 
of such agencies — particularly the laboratories — may have research 
iquijnient unavailable to local colleges and universities, Several agencies 
have, programs f or internal personnel upgrading and collaboration with local 
schools. Such programs should be extended and new ones begun aimed at the 
utilisation of Government personnel (as formal instructors and research ^ 
advisprs) an? Government facilities (as research tools) to produce master s 
and perhaps doctoral graduates. As those elements that contribute to 
successful programs emerge, other elements of the technical community should 
adopt or adapt them for their own programs • 

Models for these programs already_exist. For example, there are 1,200 
evening school students at The Johns Hopkins University who are taught at the 
Applied Physics Laboratory (API) by instructors who are usually APL employees 
exceptionally qualified in tfieir areas. About 20 percent of the students are 
also APL employees; The curriculum* lead to master's degrees. 

At the Department of Energy's (DOE) Lawrence Livermore National 
Laboratory, over 100 graduate students are working for master's and doctorate 
degrees in the Be^irtm^t of Applied Science (DAS), a 19-year-old department 
in the College of Engineering of the University of California, Davis. Davis 

\ 



50 



and Livermore are 70 air-miles apart.* Students not only have access to some 
$450 million of research equipment, but can also receive all their formal 
coursework at Livermore from instructors chosen from among the 900 Fh.D.'s 
working at the Livermore lab. 

An excellent ckse can be made for allowing, if not requiring, "real world" 
experience as graduate students earn their degrees. As an example, the Fannie 

and John Hertz Foundation encourages its fellows to accept part-time and 

summer employment With cooperating institutions such as the Livermore National 
Laboratory, the Lbs Alamos National Scientific Laboratory, the Charles Stark 
Draper Laboratory, the Princeton fusion Research Center, and others. Other 
efforts at involving graduate students with "real" research include 
Livermore *s Navy-sponsored S-l "supercomputer" program, which routinely uses 
MIT, Carnegie-Mellon, and Stanford computer science graduate students as 
part-time laboratory employees. The Ph.D. f s produced by these programs have 
an understanding of the frustrations and rewards of a career in research 
seldom acquired by their peers who have never ventured outside academe. 

The suggestion that universities give up the physical propinquity of their 
graduate students is difficult to sell, but it pales in comparison to the 
f ihal recbmmenda t i ox. of this paper : that the science and mathematics 
e ducation itl primary and s e con dary schools is too important to be left to 
p rof ess ional educators who a re technologically illiterate . 

The geographical dispersion of Government laboratories and installations 
offers opportunities for Government SSE f s to alleviate the national problem of 

technological literacy in elementary and secondary mathematics and science 

through a variety of mechanisms. The Government could, for example: provide 
release time to government scientists and engineers to teach in public 
schools, either for whole semesters or through-team teaching approaches; 
provide equipment and laboratory facilities to*iocal schools; initiate 
enrichment programs, during the school year and/or the summer - % to motivate 
students to pursue scientific careers; and support the work of existing 
commissions that are directing their attention tomathematics, science, and 
technology education (e.g. , the National Science Board * the National 
Commission on Excellence in Education) . 

About a decade ago, the NASA-Ames Research Center began outreach programs 
that have involved junior and senior high school students and tea the 
physical and biological sciences. The programs include undergraduate and 
graduate students an<X their faculty; and they range geograpnically from local 
schools to Midwestern universities. Senior researchers at Ames have conducted 
formal courses at nearby Stanford University. ! ■ 

--r-\ 

Other national technology-oriented organizations with local operations, • 
for example, the local telephone company or the local power] utility, could be 
induced to assist the Government. Also, efforts of industry and professional 
organizations to prepare material to help motivate student interest in science 
and engineering should be used. For example , the American Society of 
Mechanical Engineers , with the help of Bendix, Bell Eabs^ Proctor & Gamble * 
and Digital Equipment Corporation, is developing a 27-minute film targeted at 
junior high school students that demonstrates the rewards and benefits of 
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being ait engineer.* Finally * the provision of part-time and slimmer jobs for 

skilled mathematics and science teachers should be an obligation of all 

high-tech firms in an area. Ultimately, teachers 1 compensation should follow 
market fotfces, rather than seniority or other artificial rules. 

Let me I state explicitly that "Government SEELs" and "Gbvernmeht 
facilities" include the Department of Defense. The DOD has had a long history 
of cooperative. association with education in our country. While it may be 
currently popular tq_ rail against Defense or Energy^ such agencies fulfill 
heeded functions. They should be utilized as resources where they can 
contribute, not be ostracized. 

State and local certification requirements for teachers may make it 
difficult for technically competent but amateur educators to gain immediate 
access to the schools. Provisional or temporary certificates may be granted 
for short-term teaching opportunities. The purpose of these bureaucratic 
barriers should be to protect students from_unquaiified teachers, not to_ 
protect a system from competition. If reform from within~cbbperatioh of_ 
State and local school authorities with those concerned with solving, pur S&E 
problems—does not occur* the revolution from without will surely follow. The 
penaities--the lost opportunities to provide first-rate exposure to science 
and mathematics— are Just too great to be permitted to continue. 



*An obvious improvement would be the production of 2-minute spots for use on 
television to achieve the same result. 
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OPEN DISCUSSION 



DR. ALDRID6E: Let me repeat a comment which Dr. Talley made. He said 
that what we needed to be concerned about was to improve the technological 
literacy of the population, and that bur problems were hot principally to 
better prepare scientists and engineers. I want to raise a question: We all 
^???_ t l l # t curriculum* of the l?60's in Ithe secondary schools were designed 

principally to prepare scientists and engineers. ^?_?iso have evidence 

that those curriculums are inappropriate to the present student body, that is, 
for the majority of them. 

Our concern is this: In all the Federal programs, in all the bills that 
have been introduced in Congress, none has proposed large rational efforts at 
redevelopment of the curricula. Instead, they want to provide ail 17,000 
school districts with an opportunity to reinvent the wheel in all 17,000 
places. I'd like to get some comment about that. 

DR. TALLEY: You are right. If the population had a higher level of 
technological literacy, we would not have a problem with finding qualified 
primary and secondary mathematics and science teachers. Let me be candid. 
Right now, students get turned off to mathematics or science in high school. 
And some of these students go on to college. So what fields can they go into 
where they don't have to have mathematics or science? There are a number. 
One of them is education. So they go through and they become _ teachers i tod 
they are expected— they are forced—to teach mathematics or science, a field 
in which they never took any more courses in college if they could get away 
with it. It was distasteful to them when they were kids themselves. And they 
are exceptional if they can avoid communicating. the distaste they feel to the 
next generation, and so the cycle repeats itself. 

What I am proposing is that you get the people who know how to teach to 
t each — "Everyone ought to be a scientist and engineer like me." 

I believe that Bet^(Vetter) mentioned the difference in teaching between 
the United States and some other countries. • .where we face our kids with 
abstractions, some of which were those high-powered mathematics and 

introduct ory science. courses that were generated post-Sputnik . I would assume 

that if you had available to you someone very competent and enthusiastic, you 
would hot scare the kids off. 

I just don't know that we need to develop hew curriculums, which is the 
answer to your question, but 2 wanted to get my comments in first* 

MRS. VETTERs I think we are in desperate need of some new curriculums i 
And I don't think we necessarily would be if we had a generation of science 
and mathematics teachers who bad grown up with all of the competencies that we 
would all hope our science and mathematics teachers have^ But the fact is 
that that is not what we have and that is not what we are getting. And at the 
moment, I don't see any prbapect that we will be getting it, which tells me 
that what we heed, among other things, are some # better directions. 
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I have been reading some things about the way textbooks are selected, 
which probably would come as no surprise to many of you. But a lot of what I 
have been reading on how public schools' books are selected, certainly those 
in science and mathematics, scares the daylights out of me._ I would like to 
see some good curriculum development done on a national scale in a national 
laboratory — trying it out first, but coming lip with some good information that 
would then get into the school system, not the way current textbooks are 
chosen. 



DR. SHULMAN: I would like to make tg o comments on those comments, and 
then toss it back to the floor. One comment is that I am sure you have been 
watching the beginnings of the reports of the many secondary education, 
commissions, which range from the Carnegie's to the National Academy of 
Education's to... I think there were 32 at last count. 

There seems to be an interesting confluence of perspectives coming out of 
these commissions on secondary education, which will be very consistent with 
what Betty Vetter seemed to be arguing ; f orj namely^ that _the^proportion^f the 
high school curriculum that is elective 3 , and therefore affords the opportunity 
for students to avoid taking what Betty called the academic courses, should be 
sharply reduced, and that there ought to be much more stringent requirements 
for everyone who goes through high school. And you are seeing this how 
reflected in recommended changes in State requirements for high school 
graduation. 

These are very interesting recommendations, but from a curricular 
perspective there is something rather magical about them because there really 
are no curriculums for those students in physics or chemistry or algebra ii 
who have been avoiding those courses for the last 20 years • if there is 
anything we know for sure, it is simply that using the same curriculums they 
have been avoiding is probably not going to be the answer. 

DR. TALLEY: This is a question for tomorrow. We will have a person from 
the Argbtrae National Laboratory where they have been doing this sort of 
tMng. My question after that presentation is: Are you producing the next 
generation of scientists and engineers or just trying to raise the general 
level of technological literacy? If it's the latter, have you had any problem 
figuring out the curriculums to do it? And that is tomorrow's question. 

- DR. SHULMAN: I'll make one other observation about curriculum, and that 
Is the potential danger in treating curriculum as something that we do 
nationally that we* then finish, polish, sand down* package, and send but. We 
might begin to think about curriculum-making and curriculum development as 
something that ought to involve tens of thousands of teachers across the 
country, on the grounds. that making hew curriculums or revising bid ones, in 
collaboration with, scholars of various disciplines and with educationists of 
various sorts* is likely to turn but to be one of the most powerful forms of 
teacher education and teacher development that we have ever seen. Speak to 
the teachers who were involved in some bf those NDDA and NSF institutes in the 
19f>0's. And don't just ask them about how good the units they developed were: 
ask them what kinds of changes were wrought in them as traders tanders of 
science and mathematics and as teachers thereof. 



DR. RAIZEN (Sent a Raizen, National Academy, of Sciences) : I really would 
like to associate myself with all of the remarks here about the desirability 
of a technologically educated citizenry. But I do haw. a difficulty, and I 

think it is_a previous question to the curriculum question. I would like 

either Dr. Talley br anyone here to tell me what the functional definition of 
a techlidldgicaiiy literate person is. Because until we cm define that, we 
don't know what to put into the curriculum* no matter how we get at it. 

DR. TALLEY: I think a technologically literate person is one who would 
recognize that a hew technology il introduced to solve a problem; that there 
is no such thing as an absolutely benign process, technology , or gadget ; and 
that he or she, as a consumer or a voter oif a taxpayer or the like, is going 
to have to choose among options, none of wftlch is perfect. 

The scientific method is_ really a neat method for deciding whether or not 
you are being conned. I could not think of a polite way of stating iti I 
don't think it has to do with haying a certain number of courses in trig or 
calculus- or chemistry~just an appreciation that the universe does hot run by 
magic; 

DR. HICKS (Laurabeth Hicks * U.S. Department of Education): I can remember 
in the 1950*8 when large amounts of funds flowed into programs to prepare 
school counselors to identify elementary and high school students interested 
in and having the potential to develop high level skills in mathematics and 
science. Are there data to indicate what impact. . .what success. . .the 
counselors had in these programs? 



i would also like to know what should be or will be the role of the 
counselor? Po the counselors need retraining in order to help the schools and 
students with the mathematics and science crisis? 

DR. SHULMAN: I suspect you know that before teachers are laid off , they 
lay off all the counselors. Counselors are generally the first group to go. 
And i think wtat you are suggesting is an interesting kind of researchable 
question, which isr To what extent are we in error to assume that those 
people who are not in classrooms are not playing an important educational role 
with respect to science and mathematics education? 

DR. JffierafcN (Paul Heckmahi University of California, tos Angeles): I 
would like to reinforce the notion that curriculum is a fundamental issue 
here. It seems to me that one has to raise the question of technological 
literacy in the light of what is a general education for children and youth? 
When we speak before a group of art educators, one of the things they ask for 
is an increase in^ time for the arts. If you go before a group of science 
persons, they obviously advocate more science. 

9 It seems to me that we are going to have to raise this question in light 
of "what happens at a school, ratherthan averages. And it seems to me in our 
study of schooling at UCLA, for example, even though there were averages, 
there were some very severe school-to-sch^ol variatibns^bmething like 3 
percent of art courses in one school versus 20 percent allocated courses in 
another* 
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My other. statement has to do with requiring more courses. I guess the 
question I always have— and, again, I think it relates to Dr. Shulman's 
statement: Is more better? When we looked at our data, one of the things 
that came across loud and clear was that the predominant method that was used 
by teachers in a thousand classrooms was simply lecture with students sitting 

listening. I'd not sure students ought to sit in mathematics classes 
listening more for a longer period of time. Therefore, it seeps to me that, 
the call for addressing the curriculum is very, very important if we are going 
to move beyond just teachers teaching. Incidentally, one of our colleagues 
looked at a study done in 1910, and again the predominant mode of instruction 
was lecturing to a large group while they sat and listened. 



DR. SHULMAN: Mary Anne Amarel, who is a distinguished educational 
researcher ♦ did a set of intensive case studies on high schools. One was the 
Bronx High School of Science, and another was a high school in New York City 
whose name I_don*t recall but whose focus was the graphic artsi j Her 
conclusion was that the quality of science teaching was really outstanding in 
the high school for the graphic arts and the quality of teaching the 
humanities was really outstanding in the Bronx High School of Science. But 
the quality of teaching in the areas where they were specialized was rather 
dismal because they did so much more telling and they tried to pa6k and 
compact stuff so much. 

I'm simply echoing your observation, which is not to say that more cannot 
be better, but that we've got to be very careful about the mix. 

DR. LAPP (Doug Lapp, Science Coordinator ;Fiirf« County^ VirgipiaJ: I 
guess the main distinction of the Fairfax County School District is that it is 
the 10th largest school district in the Natiori and probably has the 'highest 
icedlan income. Sain that respect, I think it is useful to look at what are 
the capabilities of such a district in curriculum development, because it is 
often said this is the province of the States or the province of the counties 
or the local jurisdic^ons. 

I would like to say that we jast don't find it possible, and I don't think 
we ever will, to assemble the expertise to develop curricuiums of the quality 
that is required in science and technology and keep those current. A very 
high standarcKwas established for science curricuiums by the curriculum 
projects in the 1950 *s and 1960's, andsbme of them were targeted toward 
science and engineering specialists. I think we all recognize that. And we 
are looking for something to follow that lip, and it's not there. 

Local districts can assume control and maintain control oyer the 
curriculum by using ail eclectic approach — by combining elements developed from 
various projects into things that fit local situations, local capabilities, 
and facilities. But in no way can they develop curricuiums without academic 
support from universities, et cetera. And we have just not been able to 
assemble that; 

The other thing that I would like to add is I do support very much 
Sr. Taiiey's suggestions of getting industry and. Gbyernment labs involved in 
science and mathematics education and support . We have, noticed an increase in 
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this, what with the clarion calls in die press that our science education is 
flagging. And I have had professional associations and Government 
laboratories (of whldi there are many in the Washlngton^area) come to bur 
aid. But when they find out that a scientist who has gffat intentions would 
be required to come in and teach five identical presentations Id^one day, and 
possibly take a day to plan that and several days to follow up, their interest 
wanes. They were thinking maybe of one large presentation which would change 
the whole face of education for that year. 

It's a wonderful idea, and i think we should support it in every way and 

provide incentives and recognition - 9 but it cannot _ really affect day-to-day 

teaching. The most it can probably do is raise the morale of science teachers 
to *be more similar to what you find in Europe among secondary science teachers. 
That is, they have a great identi fic ation with the academic cscience 
cbmmUnit y..^ industrial jicience community. . .and they feel that they are in 
contact. And that is what is needed more* perhaps, than anything else. 

Also, for as long as I cM_remember, we have had a drain-off of talent. 
When you had National Science Foundation institutes for teachers^ it tended to 
funnel them off into other positions the more expert they became. However, 
there was a time when teaching was improved, and the institutes provided 
important standards of quality in teaching. Many teachers did stay, and they 
provided a bootstrapping effect on the other teachers. 

DR. TALLEY: I am going to be very interested to hear what Argonne has 
done because I know that the NASA toes facility, the NASA Lewis facility, and 

every Army laboratory that I have visited that has been near a population 

center, have programs in which they not only bring students and teachers into 
the labs but their^people go out to schools. I recognize the problem you 
state, and yet somehow these people seem to be resolving them. 

DR. ROBERTS (Linda Roberts, U.S. Department of Education): JLast^year, I 
had an opportunity to do a series of case studies of school districts moving 
ahead in applications of computer technology in education. And, like you, I 
was able to see many striking examples of districts who went into the 
community and used the resources that were there. 

My question to you, though, is: What does a community, that has no 
wsburces like the Argonne Rational Laboratory, do? I raise that because we 
have many, many schcol districts in this country that are primarily in 
hoh-^hlgh-tech areas. n 

DR. TALLEY: "High tech" is a relative tenfrw Thanks to the 435 
congressmen, each representing a district, we sedn to have spread throughout 
the Nation Government facilities of varying stripes and levels. 1^^" 1C 
has been well brought out that what we are not after is_tp t^aln^that 
1 percent, but to raise the average understanding of our citizenry. And I 
suspect that you are going to find that while you do not have an Argonne in 
every school district, you have a Corps of Engineers laboratory or Department 
of Agriculture experimental stationer something. If you don't* then at least 
one of those 435 congressmen was not doing his or her job. 
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DR. SABAR (Naama Sabar, Tel Aviv University, Israel): I really want to 
expand a little bit on what tee (Shulman) and some others have referred to as 
the problems of the new curriculums and the role of the teacher iti that 
sense. I think the problems of the new curriculums, sg^-called* are not so 
much In creating them as in implement ixig them. _ We really never got to the 
point where we saw in reality what we had hoped to see. So with this kind of 
disappointment that has prevailed in the Western world, we observe now a new 
trend which is called "school-based -curriculum^-* It is not meant for the 
teachers to reinvent new excellent curriculums, but just meant to be active 
participants in making learning materials. 

This (school-based curriculum) has been tried successfully in England, in 
Australia, and even in Israel. And the Rand Corporation report about change 
in staff development came out with ye ry strong recommendations for taking 
teachers as active partners in curriculum development - 9 mainly in revising, 
adapting, and changing curriculum for their own heeds. 

I would therefore encourage the NSF in their new inservice courses to 
activate teachers as equal partners, rather than imposing what is known 
already in the curriculum. 
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session iii 

SCIENCE EDUCATION 

• \ 

RESEARCH IN SCIENCE EDUCATION: REVIEW AND RECOMMEND^IONS 

Wayne Welch, Professor of Educational Psychology and 
Director of the Research and Evaluation Center 
University of Minnesota 



The past decade has been a difficult time science education* \ 

Declining test sco<^s, shortages of qualified teachers, low enrollments,^ 
reduced confidence in science, and loss of Federal support are some of the 
problems that have plagued the discipline. Science teaching has struggled to 
retain its position in the school curriculum. Some haye_ claimed a national 
crisis exists (Press, 1982; Opel^ 1982; Yager et al., 1982). \. 

In recent months - 9 however, a number of activities have occurred that _\_ 
indicate a renewed interest in the field. The budget for science education in 
the National Science Foundation (NSF) was .doubled* in fiscal 1983i The 
National' Academy of Science (NAS5 held a meeting last fall to consider \ 
precollege education in science that was attended by more than 600 business - 9 
political, and educational leaders* The National Science Board (NSB) has 
established a commission on precollege education in mathematics 9 science, and 
technology, and professional societies such as the American Association for 
the Advancement of Science (AAAS) and the National Science Teachers 
Association (NSTA) have stepped up their efforts to draw attention to the 
problems. A number of bills have been introduced in the Congress that are 
designed to improve bur Nation's capacity to improve science teaching. 

This renewed interest in science education is supported by the results of 
the 1981-82 National Assessment of Educational Progress (NAEP) JEWelch 5 
Anderson, 1982). Enrollment in traditional science courses has increased, and 
at three age levels (9-, 13-, and 17-year-olds 1* the declines in scienc^ 
achievement noted for a decade have leveled off. At age 9 9 there was a slight 
increase; 

Because of growing public attention, the National Institute of Education 
(NIE5 was asked to develop a research agenda for science and rathematics 

education. What research questions are most pressing? How can ^we improve 

science teaching? What do we presently know and what should we find but? 
These questions were posed to me at a meeting with NIE staff and are the basis 
for the discussion that follows— in essence, a needs assessment of research in 
science education; 

I struggled f or some time, with two coucernsl How can I avoid advocating 
my own research interests? What determines a needed area of research? 

I decided to address the first concern by considering the total domain of 
science education and reviewing previous work in this context. The second 
question was more problematic. A need could grow but of a personal interest 
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areai a discrepancy between, a wl^h and a have, an intriguing question, a 
National priority or a combination of these-. The needs definition that 
evolved has three elements: (1) gaps in our knowledge in important areas; (2) 
high national priority ; and, most importantly, (35 limited prior work in 
promising areas. 

I do not think we should cover ground that is well-trodden, but neither 
should we chase rainbows. I tried to develop my research, agenda in that 
middle zone between the known and the unknown. 

I use three procedures to conduct this needs assessment^ Firsts I 
describe the domain of science education* Second I examine several recent 
meta-analyses and research reviews in light of the proposed domain, and, based 
on the research results and the extent of research iu 2 given area, I identify 
those^areas e that seem most prbmisihgfbr future research. Third, I compare 
these areas with other assessments of research priorities and recommend five 
specific research questions. 

A SUGGESTED DOMAIN FOR SCIENCE EDUCATION 

When considering a topic as broad as science education, one must outline 
that topic in some detail in order to speak clearly^of it. It ia also 
essential to define the domain to ensure that important components, are not 
overlooked. 

My view of science education hasbeen expressed elsewhere; first in an 
NIE-NARST committee report iYager* 1978) x and more recently in say work with - 
Project SyithesiS (Harms £ Yager, 1981; Welch et al. , I98i) A This view is 
based on an evaluation model suggested by ^S take (1979) and modified for 
science education. What follows is an extension of that earlier work. 

The domain of science education can be viewed as comprising three main 
components: context, transactions* and outcomes. The contextual component 
refers to the set of conditions existing prior to the exposure to learnings. 
It includes such things as curriculum materials, trained teachers* research 
knowledge, science laboratories! and community opinion. In terms of a physics 

metaphor I like to use, context is the potential of the system for 

accomplishing learnings A school that contains a well-equipped science 
laboratory, a highly trained teacher, and motivated students seems likely to 
have a greater potential for learning than one that has no laboratory, poor 
teachers, and disinterested students. Whether this potential is realized 
depends, in parts bh the classroom transactions. _ 

Transactions are the set of activities that expose the student to 

opportunities to learn. They are the actual interactions of the students with 
their teachers, classmates, curriculum materials, the natural world, and many 
other things. In terms of the physics metaphor, transactions are the kinetics 
of the System. Reading the test, talking with other students, watching a film 
loop, and visiting a zOO are all examples of transactions that would seem to 
be related (in different ways) to science learning. 
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Outcomes of the schooling process are the_ results of transactions 
occurring in a given context. _ Outcomes are tfhe work accomplished by the 
system. An understanding of the theory of evolution is an example of an 
outcome. So is the skill to read a thermometer or use a PiP^tte^ A more 
negative attitude toward scientific research on £he part of the teacher is 
still another example of an outcome of science education •Outcomes are 
usually measured by changes in student behavior, but teachers, .activities, 
textbooks, and other actors and props in the drama of learning may be affected 
as well; 

c- _ - - - 

A list of the key elements of these three components is shown in Table 1. 



Table 1 
Domain of Science Education 



Context 
(antecedent conditions) 



Transaction 
(interactions) 



Outcomes 



Student characteristics 
Teacher characteristics 
Science __ 
School Climate 
Societal imperatives 
Rome environment 
Curriculum Materials 
Facilities /Equipment 
Goals 

Science Education Network 



Student Behavior 

- Direct 

- Indirect 
Teacher Behaviors 

- Pedagogy 

- Style 

- Management 
Instructional Resource 

Exposure __ 
Classroom Climate 
External Intrusions 



Student Achievement 
Student Attitudes 
Student Skills 
Teacher Change 
Scientific literacy 
Career Choices. 
Institutional Effects 



Table 2 provides examples illustrating each of the 22 elements. Although I do 
hot claim that this list is exhaustive, it does provide a structure — perhaps a 
check list — for considering areas needitig research. 



S YNTHESIS OF RECENT RESEARCH 

Time and space limitations do not permit a complete review of all science 
education research. However, several major research syntheses were available, 

and these were used as the major data sources in my review. The yearly 

reviews of research supported by ERIC-SMEAC, several meta-analyses, the NSF- 
supported status studies, National Assessment results, and the work of Project 
Synthesis provided a rich source of information for making a preliminary 
assessment of bur current knowledge of science education. Each of these 
reviews was examined for conclusions relating to the context, transactions, 
and outcomes of science teaching The results of that examination follow. 
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Table 2 



Domain of Science Education* 
Examples of Categories * 



Context (entry conditions) 

Student Characteristics (interests* previous experiences! abilities, 
attitudes^ - _:_ 

Teacher. Characteristics (philosophy, preparation, perceptions, 
personal traits) 
Science (content, processes) 

School Climate (bureaucracy, policies, physical appearance,, community 
influences) 

Societal Imperatives (environmental quality, societal views of 

science and /or tedtfnology , health, and t?ell being) 

Home Environments (vocation, .family structure and function, physical 

features, philosophy) j_ ^ - ; - * 

Curriculum Materials (texts, ifiboratory guides ^ films) 
Science Facilities (classroom/laboratory* materials* budget) 

• Coals (philosophy of students* school board and other outside groups, 
departmental) _ 9 

• Science Education Network (communication groups, 4 professional 
societies* research reports, cooperative efforts) 

Transactions (interactions) 

• Teacher Behaviors (procedures followed to promote instruction) 

• Student Behaviors (activities of students in the classroom) 

• Instructional Resource Exposure (enrolling in science, TV, engaged 

time) _ - 

• Classroom Climate (social-psychological learning environment) 

• External Influences (strikes, budget cuts : space launchings) 

Outcomes (results of instruction} 

• Student Achievement (test scores^ other measures) _ 

• Student Attitudes (student feelings about science and science 
learning) - 

• Student Skills (observation* measurement) 

• Teacher Change (satisfaction, burn-but, knowledge) 

• Scientific Literacy. (more knowledgeable about the meaning, 
limitations, and value of science). 

• Career Choices (science or science teaching) - 
Institutional Effects £ioss of status* morale* structure changes) 



Source: Modified from Yager, 1978. 
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Context 



Th& relationships between student characteristics and student performance 
were investigated in an exhaustive meta-analysis conducted by Malone and 
Fleming (1982). Meta-analysis is a quantitative procedure for synthesizing 
the results from a number of similar studies (Glass and Smith, 1979). 
Approximately 170 studies were found between I960 and 1981. that examined the 
Influence of ability, social -economic status (SES) , gender, and race on 
student outcomes. Student outcome measures included science achievement, 

?9*? nc: ?_ II ? t *? a( *? s » _??^_9°??^?*Y?_^?Y?i?_^?'?' i ®^°9?_??_?^?8etian tasks) • 
Both correlation coefficients and effect sizes (differences between 
experimental and control groups expressed in standard deviation units) were 
used as indicators of relationships, table 3 presents a portion of the Malone 
and Fleming findings. 

Table 3 

Studertt Characteristics and Outcomes: Mean Correlations 



! : 1 

Student Student Cognitive 

Achievement Attitude Level 



General Ability 
Language Ability 
Mathematics Ability 
SES (high-low) 



*Number of studies in parentheses. 

Source: Malone and Fleming, 1982. 

Measures of ability (e.g., IQ) show_cbnsistent and positive relationships 
with achievement and_ cognitive level. Their relationships with attitudes are 

much smaller (r m 0.15), but few studies halre been done in this area. SES 

orretate* Iwerwith achievement and cognitive levels and essentially as zero 

with Jt-ideat attitudes. - 

TK>ri<i presents the results of an analysis conducted using effect sizes 
as trie fissure of relationship. These are standardized differences between 
fcvo oups. In each case, a positive effect size favors the first group 




.43 (42)* 
.41 ( 5) 
.42 (13) 
.25 (21) 



.15 (13) 
NA (5)| 

MA ( 5) 
.03 (13) 



.47 (112) 
.53 ( 24) 
.51 ( 19) 
.29 ( 47) 



Table * 

Student Traits and Outcomes: Mean Effect Size 



ERIC 





Student 
Achievement 


Student j 
Attitude j 


Cognitive 
Level 


Gender 

Male/Female 

Race 

Anglo /Black 

Race 

Anglo/Hispanic 


•16 (45)* 
/ ,41 (15) 
j .26 (13) 


.08 (31)/ 

.10 (n/, 

.05 ilL) 


.13 (96) 
.42 (34) 
.32 (32) 



*Number of studies in parentheses./ 



Source: Malone and Fleming, 1982 



Sender appears to have the WSakest relationships withy the three 
performance measures considered, with males generally scoring higher than 
females. The effect fize for' rice is about twice as lar|e as that for 
gender — except for attitudes, where the relationships ar£ quite low. 

Clearly, there are consistent relationships between /student characteristics 
and student outcomes. Further, a great deal of work ha^s been done, to date* 
in this area. However, the low relationships betweenjtudent characteristics 
and attitudes and the few studies done in this area ar£ possible areas for 
future research. I 

Teacher Ch a r acteristics \ 

As part of the extensive meiia-analysis carried oSt at the University of 
Colorado (Anderson, 1982) > Sweitker (1982) examined the effectiveness of^ _ 
preservice and ihservice tfainlng\ activities,, such as method courses, modeling 
strategy, and questioning analysi>», for teachers. When using various teacher 
outcome criteria as the dependent Wacures, Sweitzeir n^ted a mean effect size 
of 0.77 in 153 different studies. \That is, teacher* who receive the training 
tended to outperform the comparison^, groups on measures of science content, 
process, attitude toward science, and desired teaching behaviors (e.g., 
questioning). This would lead one t^beiieve that/ training does have at least 
a short-term effect on teacher performance. 



A few studies (n ■ 19) us4d subsequent student performance as the criteria 
for assessing teacher training Impact?, but Sweitzer (1982) provided no data on 
long-term behavior changes for the trained teachirs. A mean^ effect si£_?f^ 
0.44 was observed for these studies, wSich suggests that training teachers may 
have an eventual impact on students. 




By contrast, Druva's (1982) meta-analysis yielded very little relationship 
between teacher characteristics and their teaching behavior. The mean 
correlation between various characteristics i (e.g. , age, gender, personality* 
attitudes, and measures of effective teaching) was only + 0. 05 * perhaps. the 
most surprising result in this series of meta-analyses. Druva (1982) also 
found low correlations among her measures of teacher characteristics and 
student outcomes. Several of these results are shown in table 5. 

Table 5 

Teacher Characteristics and Student Outcomes: Mean Correlations 



Student C .tcomes 



Characteristics Cognitive Affective 



Sex .04 ( 4)* .08 ( 7) 

Age .13 ( 7) .26 ( 1) 

Science Training .19 ( 24) .18 ( 9) 

Experience .10 ( 23) .12 (11) 

Personality .01 (144) - .02 (53) 

Attitudes .10 ( 6) _l<>4 CU) 

705 (208) .04 792) 



*Nombcr of studies in parentheses. 
Source: Druva, 1982. 

Note that previous science training accounts for very little of the 
variation in student performance. This is contrary to the beliefs held by 
many scientists and science educators that science knowledge is highly related 
to effective teaching. Only 4 percent of the variation in student learning 
can be explained by this variable* Furthermore, the unknown Influence of age, 
experience, and sex on this variable may further decrease this relationship. 

For reasons that are not too clear, antecedent teacher characteris tics do 
not appear to have much effect on student performance fn science i This result 
will surprise and disappoint many people, but it is a finding that cannQt be 
ignored. 

Science 



This category refers to the content, process * and structure of ' the 
scientific enterprise. Research in this category asks questions about the 
nature of science as \t relates to student learning. For example, are there 
characteristics of physics as ah area of study that suggests learning styles 
or methods of presentation different from those deemed effective in biology or 
earth science? The Anderson (1982) meta-analysis did not address this issue, 
and few studies were found in the other research reviews examined^ for this 
paper. 
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Occasionally, teachers or students would be asked their views of science; 

for example i is it factual or abstract - 9 inductive or deductive (Durkee, 

19755? Cognitive psychologists have examined the^way in which people learn 

concepts* including the concepts of science. However, their approach derives 
from information theory 1 not the nature of science. Several tests have been 
developed to measure understanding of attitudes toward science (Dor an et al., 
1974), but I found no research on the nature of science with potential 
implications for science teaching. 

Social Imperatives 

The influence that society^has on teaching and the effect. that ^--etal 
expectations have on curriculum development have hot been well i«riearched in 
science, Yet these are timely and important issues. National!* , <sre are 
frequent reports of various citizen groups influencing the inclusion ^or 
exclusion of controversial materials in the curriculum. Public concern about 
the decline in science literacy— as evidenced by scores on national assess- 
ments—has prompted increased citizen involvement in educational decision- 
making for many districts. 

In addition to file concern of citizens - 9 scientists and science educators 
fear that basic levels of science literacy are not being met. Science 
literacy is crucial for ah informed electorate ta&e increasingly 
technological society in which we live. With evidence of reduced enrollments 
in science classes, there is a concern that future citizens will be evenless 
capable of grasping die essential scientific ramifications of many societal 
issues. This concern has prompted the inclusion of technology and science- 
society items on the Natiohal_Assessment of Eduatienai Progress test in 
science, in addltipn, the NSTA recentlyissuecTa policy statement 'on the 
importance of' including the social aspects of science in the science 
curriculum (NSTA, 1982). 

Home Environmen t 

Rome environment has been shown to be significantly felited tb student 
performance in a few national and international studies, but it is hot an area 
where many researchers have turned their attention. In the Ohited St ** e f^ 
Wolf (1979) reported a correlation of 9.4J between measures of home and family 
conditions and science achievement as measured in the first International 
Evaluation of Achievement (IEA) study. Coleman (1966) reported even larger 
relationships between home environment variables and measures of verbal 
ability. *• 

Wolfs study is informative because it compares the relative contribution 
of home previous learning, and school variables on student performance. His 
results for three different age groups are shown in Table o. 
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Table 6 





Multiple 
Predictors 


Regression Results for 
of Science Achievement 








Home Learning 


Prior Learning 


School Variables 




Variance 


Added 




Variance 


Age Level 


R Explained 


R Variance 


R 


Added 


10-yr;-olds 
14-yr .-olds 
12th graders 


.42 18 
.45 21 
.43 18 


.43 0 

.49 3 t 

.52 9 


.52 
.55 
• 59 


9 
6 
8 



Source: Wolf, 1979. 



; These_ results illustrate the influence of the home environment and 
previous learning science p^rf oritemfce. They also suggest that school 
variables do make a difference even ^Aen entered last in the regression 
analysis. Butts (1981) reached a similar conclusion in his review of the 
science educational research conducted during 1979. Others havehbned the 
importance of home background in their secondary analysis of NAEP data 
(Walberg et al. , 19815. 

Curriculum Mate rials 
T ; — " ~ 

The curriculum to which students are exposed does make a difference in 
what student 8 learn. The research literature is replete trtth curriculum 
studies, and most find that students learn the content to which they are 
exposed. In 1979 alone. Butts (±981) found 10? curriculum studies. He 
concluded that content effects were largely unexplored at the elementary 
level; but at the secondary level, instruction in specific ^hteht increases 
achievement in that area. 

Shymansky et al. (1982) did a meta-analysis 0 of 130 studies that 
investigated the effectiveness of lecqndary-level NSF curricula in comparison 
to traditional science programs. Their outcome measures consisted of 
cognitive tests, affective scales, process and analytical skills, and 
creativity. They found a mean effect size of 0i37 in favor of the NSF 
curricula. However, specific areas stressed in these innovative curricula 
showed even greater differences. The mean effect size for. process skills was 
0.61, for analytical skills, 0.71, and for creativity, 0.71. 

Weinstein et al. (1982) analyzed 33_studies from the United States, Great 
Britain,! and Israel and found in them 151 separate comparisons. The mean 
effect size was 0.31, with a standard deviation of 0.70. This is in close 
agreement with the Shymansky et al. and the Wise and Okey (1982) results. 
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In terms of subject areas, biology and physics showed the greatest 

effects. In 'biology* the mean effect size for achievement was 0;59* for 

perception, 0.82* and for process skills, ^fc 90, For physics, the achievement 
effect size was 0.50, perception, 6.33, and process skills, 0.53. E^xth 
science was the only subject area with a negative effect size (-0.07). 

Welch (±9795 acknowledged that curriculum differences do have an Effect, 
but argued that the magnitude was small, perhaps explaining only 5 percent of 
the variance. Shymansfcy's data suggest that the average student in the 
experimental c .rriculum would fall at the 64th percentile of the comparison 
group, a difference of 14 percent* 



Several authors raised questions about the extent of curriculum exposure, 
failure of the curriculum to ( represent modern science, and the relative 
influence of curriculum compared to other context and transactional v 
variables. In spite of these concerns, curriculum effects represents one of 
bur most researched areas and one in which our conclusions seem fairly solid. 



Faciliti e s/ Eq u ipment 

This category is related to the school climate and curricuiumjnaterials 
category, but focuses on the tools available for teaching and learning.. 
Climate is the socio-psychological context of the school; curriculum refers to 
the definition of content to be learned. Facilities and equipment refers to 
such things as laboratory equipment, desks classroom architecture, computers, 
chalk boards, projectors, and the like. 

Jfeigeson et al. (1977), in their 20-year study of the statui of science 
.education, concluded that teachers believe that adequate facilities are qne of 
the most important conditions f or^a good science program. Flexibility of 
usage is also rated as ve^ important . These conclusions were based on 
surveys conducted by a number of researchers. The general tone of the review 
was concern for the perceived decline in science budgets. In the national 
survey of science practices (Weiss, 1978), 25 percent of the teachers polled 
rated the lack of funds for purchasing equipment and supplies as a serious 
problem. 

Most research conducted ii this area has been directed toward the use of 
the equipment in learning science, rather than toward the intrinsic merit of 
the materials. _F6r example, filmed instruction or computer-assisted 
instruction (C&I) is compared to traditional modes of instruction U3ing 
student performance as the criterion. Renner et aly (1978) reported on nine 
such studies in their review; Mallinson (1977) found eight; studies ^n 1975. 
In each case, the emphasis was on the use of the tool rather than on the need, 
development, -? structure of facilities and equipment. Perhaps research is 
needed to help science teachers decide what equipment is needed to teach 
science, how it should be built, and how it should be presented to students. 
Some potential areas of study include hand-held calculators, microcomputers, 
films, film loops, electrical equipment, telescopes, and the like. Dp we need 
them? Why or why not? What are their intended uses? 
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Goals 

Research on the goals and objectives of science education sometimes takes 
the form of surveys of teachers or science education professors. They are 
given a list of potential goals and asked to rank them. For example, Welch 
(1977) surveyed 344 science teachers and 167 principals and asked them to 
identify heeded goals. Three major needs surfaced: (15 information 
processing and decisionmaking skills, (2) basic skills* and (33 development of 
self-esteem. 

More often, leading figures or organizations 4re asked to identify 
priorities for the discipline. For example, Hurd (1971) identified what he 

saw as emerging -priorities. Some of those stated were: (l) science must be 

part of the education of every student, (2) science should be taught in a 
social context, and (3) science education should give top priority to changes 
brought about by technological developments. 

Perhaps the most extensive research effort to date in goals was the work 
of the Project Synthesis group (terms and Yager, 1981). A group of 23 leading 
science educators established desired conditions for science teaching using a 
framework of four goal clusters : personal needs, societal issues, academic 
preparation, and career education awareness. These desired conditions were 

then used ^P.?*??* 11 ?.** 1 ? P 11 " 6 ? 11 ? 113 ? 11 ? ?^ 80 ^ 611 ?? ? 63 ?^ 101 ? 110 determine 
needs. Discrepancies in biological science, physical science, inquiry, 
elementary science, and sclence-technoiogy-society were identified and used to 
develop a series of recommendations* for Federal policy as well as for science 
teachers. During the past year* the goals (as portrayed by Project Synthesis) 
have_ been used as criteria for identifying the outstanding science programs in 
the United States. A list of the goals has also been distributed widely to 
science teachers through the National Science Teachers Association. 

Historical and philosophical research on goals appears to be unpopular 
(perhaps unproductive) to researchers, as few studies of this kind were found 
in the major data sources used in preparing this paper. 

Science Curriculum Networks s 
* _ ~" j _* 

No research was found that addressed the effectiveness of professional 
societies, cooperative effort**, dissemination systems^ _or_ scholarly journals 
in the area of science education. Annual meetings, ERIC-5MEAC, The Scienc e 
Teacher , and meetings like the NIE conference on the mathematics /science 
teacher shortage are seldom research improvement or accountability. 

Some work has been done by Crane (197^) on the influence of the "invisible 
college" on professional behavior, but not specifically in science education. 

Transactions 

Transactions are the kinetics of the learning system. They are the 
activities that students, teachers, and others perform in the quest for 
knowledge. Five major categories of transactions have been identified and are 
examined in turn. 



Student Behavior 

It is difficult to separate ..student behaviors from teacher behaviors 
because they often occur simultaneously. That is, a teacher lectures and a 
student listens to a lecture. The distinction I would like to make is that of 
the initiator. Who decides what activity is td occur? The teacher decides to 
lecture, b9t the student decides to listen. 

Surprisingly little research on student-initiated behaviors was found in 
the literature I reviewed. In fact, only one of the four yearly reviews with 
indexes even had the Word "student" listed, and that was for a section on 
student characteristics. Data from the set of case studies carried out by_ 
Stake and Easley (1978) are even more surprising. Their extensive index has 
290 references to "teacher" (plus another 96 on "teaching"), but only eight 
references to student! Apparently this has not been a popular focus for 
science education researchers. 

Some work has been done on how students choose to allocate their time and 
effort in Individualized programs (Bowsyer et ai. , 1978; Rice & linn, 1978), 
but it is premature to form any general conclusions. 

One promising line of research is that dealing with the engaged time a . 
student spends on learning.. To a large extent, the student is^esponsible for 
this kind of behavior. The research to date is encouraging. ^ Th |_n°? e 2 " m f a 
student spends in direct learning behaviors, the greater the learning (Doyle, 
1977) Direct learning behaviors include such things as task completion, time 
on task, homework, and reading texts. In a sense, one key student beha vioris 
his or her decision- to enroll in a science course, which is discussed further 
in the section titled "Instructional Resource Exposure." Much more remains to 
be learned, but the application of these principles to science learning seems 
warranted. » . 

Another set of interesting student behaviors are those that mediate 
learning (Doyle, 1977). Mediating behaviors are those mental processes that 
we presume are necessary for effective learning, but that are not^directly 
related to the learning process. Examples include attending, ^translating, 
segmenting, rehearsing, and elaborating. Although not related specifically to 
science learning, the influence of these behaviors in the science classroom 
seems wort ly of further investigation, especially during laboratory 
investigations -. 

An interesting new line of research on behavior falls into another 
category of indirect behaviors and grows out of conceptualising the classroom 
as an ecological system. Learning is viewed in the context of exchanging 
performance for grades." The student does things return for certain 
rewards-grades peihaps, or in some cases the satisfaction of understanding. 

The approach seems somewhat crass but presents an innovative way to view 
science classrooms. The research to date suggests that successful students 
search for cues from the teacher on important concepts , imitate desired 
behavior, and even enlist cohort assistance. Other student b ^viors 
important in this approach to the classroom are adjusting to change aad 
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learning to compensate for deficiencies, absenteeism, reading problems, etc; 
Some intriguing applications for the science education researcher seem 
possible* 



A final form of relevant student behaviors are those occuring in informal 
or _but-bf-schbbl settings. A few research studies have been conducted on the 
effectiveness of museums, zoos, field trips^ television, and the like. 
However, it is premature to form generalizations at this time. The growing 
acceptability of naturalistic inquiry paradigms might permit a greater 
understanding of what students do when they attempt to learn science in 
informal settings. 

Teacher Behaviors 

The 'literature is crowded with studies of teacher behavior i It is a 
primary area for research in science teaching and has been addressed in two 
major meta-analyses (Wise and Okey, 1982; Wiiiett and Yamashita, 1982). 

I classify teacher behaviors in terms of pedagogy - t style, and management. 
Pedagogy refers to the specific instructional strategies and tactics teachers 

use in the classroom. It includes such things as lecturing, lab work, and 

questioning behavior. Style is the manifestation of the teacher's personality 
in the classroom* and it includes things such as enthusiasm, sensitivity, and 
e:cpectations. Management is a broad category including general instructional 
s/s terns — CAI, team teaching, and such day-to-day tasks for structuring the 
learning opportunities as setting rules and modeling behavior. 

Wise and Okey (1982) provide a nice summary of the effects of teacher 
techniques. Their results' are shown in fable 7. .the overall effect size of 
the various teaching techniques was 0i34, one- third of a standard deviation. 
This means that the average of ^ the treatment group was equivalent to the 63rd 
percentile of the comparison group. The impact seems modest except for 
time, and this research involved only four studies. Wise and Okey recognize 
these moderate effects on student learning but off er the hope that combining 
strategies ml^ht improve the situation. They call for additional research to 
investigate the possibilities. 

Willett and Yamashita (1982) conducted a meta-analysis bf research on 
instruction systems, which they defined as "a general plan for conducting a 
course bv^r an extended period of time." (p. 1) Examples^ include CAI, 
individualized instruction, and mastery learning. They examined research 
carried out between 1950 and 1980 and found 130 studies that fit their 
criteria for inclusion. Most were conducted between 1961 and 1974. The 
results of their analysis are informative and are presented in Table 8. 

The bVerall impadt of the various instructional systems was only 6.10, 
indicating that, on average, an innovative teaching systemwill be about only 
one-tenth of a standard deviation better than -traditional" science teaching. 
There were no effects noted for grade, subject matter, or year of publication. 
Published results tend to yield higher effect sizes than those appearing in 
dissertations. 
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Table 7 



Teacher Behaviors: Mean Effect Sizes 



Technique 



Mean 
Effect Size 



Standard 
Deviation 



Number 
of Cases 



Wait-time 

Focusing (e.g., organizers) 
Manipulative (by students) 
Modified (specific content) 

Questioning 

Inquiry-discovery 
T es t ing ( e . g . L diagnos ti c) 
Presentation Mode (e.g., team 
Teacher Direction (extent of) 
Audiovisual methods 
Grading (e.g., pass-fail) 
Miscellaneous 
Total 



.90 


.43 




4 


.57 


.91 




28 


.57 


.64 




24 


.52 


.45 




22 


.48 


.39 




13 


.32 


.73 




58 


.32 


.46 




45 


teaching) .26 


.56 


i- 


103 


.23 


.66 




45 


.18 . 


.48 




33 


- .15 


.38 




14 


.43 


.26 




12 


734 


KA 




m 



Source: Wise and Ofcey, 1982. 

Table 8 

Instructional System: Mean Effect Size 



System 



Effect Size 



Maximum Minimum No. of Cases 



Audi o- tutorial 
Computer Linked 
Learning Contracts 
Dept « Elementary School 
Individualized Instruction 
Ma st er y Le aiming 
Media-based 

PSI (Personalized System 
of Instruction) 



Self -directed 
Source Papers 
Student Assisted 
Team Teaching 
Total 



.17 
.13 
.47 

- .09 
.17 
.64 

- .02 


.52 
1.45 
1.74 

.08 
1.74 
1.74 
1.22 


- .27 

- .58 

- .38 

- .25 

- .85 
.08 

- .87 


7 

14 
12 
3 

131 
13 
100 


.60 
.17 
.08 
.14 
.09 
.05 
7T5" 


1.74 
1.36 
.87 
.48 
.34 
1.36 

TT74- 


.08 

- .82 

- .58 

- .19 

- .13 

- .87 


15 
52 
27 
13 
6 
41 
341 



Source: Willett and Yamashita, 1982 . 
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i Lott (1982) conducted a meta-analysis of studies involving the use of 
advance organizers and inductive versus deductive teaching behaviors. He 
found a mean effect size of 0.24 for 22 studies using advance organizers and 

0;66 for the studies that examined inductive versus deductive teaching 

behaviors. His results are lower than those found by Wise and Okey (19825, 
but the- latter included a broader definition of the categories. 

In summary, the effects due to various teaching strateg±es=^are 

disappointingly low. They^ average^only G.22 f or the 812 cases used in these 
three meta-analyses. Here, again, the influence of what the teacher does in 
the classroom appears minimal. Perhaps a different research focus is needed- 
Little work has been done in science on teacher style variables and the 
teacher as manager. Rosenshine and Furst (1971) argue that behaviors such as 
organization, enthusiasm, and expectation are key factors in facilitating 
learning. They Believe that direct teaching strategies have greater impact 
than indirect ones. Some data reported here tend to support this claim in 
science teaching (see, for example, effects of focusing, Jtearning contracts, 
and mastery learning) . Indirect strategies (e.g. , inquiry teaching, 
self^directed systems, and inductive teaching) seem less successful^ The 
discovery nature of science, however, makes these results unpalatable for many 
science educators. Interest in induction, inquiry, and discovery learning do 
not match well with the direct teaching proponents. 

Instructional Resource Exposure 

_ _ ____ . _ 

This category includes those activities carried out by teachers, students f 
and others that bring learners in contact with learning opportunities. To 
some extent, they overlap with the teacher and student behaviors mentioned 
earlier. Hbwevfer, the emphasis here is on the interaction of the students 
with the learning opportunity, fey elements include enrolling in science 
classes, curriculum implementation, minutes of science studied, library iis£, 
watching TV, taking field trips and reading science hovels. 

Research in this area is limited In the context of science learning. 

Course enrollment data are uneven in quality* although a few studies of the 
past decade are beginning to shedsbme light. Engaged time in science is 
perceived as decreasing - 9 yet pur logic and some research (Welch et ai. , 1981) 
t^lls us that taking courses is an essential ingredient for learning science. 

V The barriers to and facilitators of getting children into science courses 
are hot well understood. Furthermore , we are not certain of the most 
effective activities to offer once we get them there. 

The results of the 1982 National Assessment indicate marked changes on 

topics covered by the national media. (Welch et al. , 1983). Items on test-tube 
babies, computers, space travel, nuclear energy, pollution, and others ail 
showed sharp changes during the past 5 years. Why? What are the implications 
of these results for the learning of science? These and other questions 
remain unanswered. 
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Although some evaluation jv aaf-df-if^^i * ^ Uities has occurred, It Is 

too early to form generalisations. One ' : ;y^^> ,c Kry note to the hopeful* 

but-df-school activities are usually ^onkiz^zz :ve » they present a r^PSurce 
(e.g,, zoo exhibits) and ask — by implication July — "what can you learn about 
animal behavior?'* Indirect strategies have hot been overwhelmingly 
successful. Further information and understanding is needed. 



Cla ssroom Clim ate 

Classroom climate is the social-psychological environment in the classroom 
as perceived by the students. This category views the class as asocial group 
and presumes that group dynamics is an important factor for learning. 
3 Emphasis is bh the social and psychological interactions in the classroom and 
their effect on learning. 

One measure of the learning environment is the teaming Environment 
Inventory (EE!) developed in^ the late _3t960 , s_CPrapir et al.» 1982). 
Considerable research in North America, Australia, xsr*el. India, and other 
countries has shown relationships between the LEI scales and student 
performance. In many studies, appreciable amounts of variance are explained 
beyond student entry characteristics such as 1Q and pretest scores. Much of 
the research has been done in science classes. 

The work of Johnson et al. J^i98i) haa i also shown relationships between 
group activity and student learning. Cooperative learning structures were 
four? more effective than competitive or indi^du^ized learning structures in 
nearly all cases reviewed. The mean effect size of 0.78 indicates the 
importance of the social environment for learning. 

\ External Intrusions 

Often*, the -classroom is affected by events in the community, _y'zm Nation, 
or the world. Examples of such events include budget cuts, space launches, 
cehsqrshipj_ evolution cotfrt trials^ course requirements, teacher firings* and 
strikes. These activities probably influence the attitudes* the career 
choices, and even the achievement of students. 

Heiseson et al. (1977) examined these issues in their review of the status 
of scitehce education. They concluded that such factors do have influence in 
the science literacy of a nation but did not describe how they operated. 

Stake and Sasley (19785 reported an increased intrusion of Federal and 
State offices into the conduct of education. As a result, administrators are 
forced to spend more time as business managers and less al educational 
leaders* Meanwhile* the ^gap between teachers and administrators widens as 
each group seeks relief from its respective pressures. 

. _ •'_ \_ ■ 

Except for Recognizing the influence of external intrusions* researchers 
have not spent much tbne in this area. The value of future research is not 
clear to me, but there may be some potential for investigation. 
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Outcomes 



Student Achievement 

-Performance, of change in performance, on measures of cognitive ability 

defines student achievement. A great deal of research has been done following 
the intellectual _^ ev ?^9P mea ?_ m 9 d ®l_9f_^i?8?? f and recent reviews of science 
education research usually have a^section devoted exclusively to Plage tian 
studies. In ±977, Mallinson reported on 23 such studies. .He concluded that 
(15 the stages postulated by Piaget seem to be supported by other researchers; 
(2) the logical operations of classification, seriation, and so on are not as 
hierarchically ordered as many have been led to believe; and (35 adolescents 
may not fit the classification of -formal operational" to the extent that 
Piaget suggested. 

Many researchers have tried to measure students* ability to perform 

various Plage tian tasks and then relate these scores to course achievement or 
other measures of student ability. The relationships are strong. This 
research, which is reviewed in Table 3, shows a mean correlation of 0.47 
between general ability and cognitive level. 

<S My familiarity with this research is limited, but I_ believe that 
researchers have identified a new set bf student variables to .measure (e.g., 
conservation) and then searched for correlates of the scores (e.g., age* sex, 
science success, IQ). By better understanding the nature bf student learning* 
they hope to do a better job of teaching; This approach seems reasonable, but 
success to date has been limited. Different children learn different concepts 

.different timear. Stage of development is content specif ic, forcing 
re ??^? c ^?5? to examine the learning of very small bits of information. 
Generalizabiiity to a whole course seems far off, if attainable at all. 

Another set of researchers have focused on the nature of learning in a 
field sometimes called "cognitive sciexfce." Some have applied the theories of 
cognitive science to science education (Klbfer and Champagne, 19825 . Some of 
the key tenets of recent cognitive development work include recognition that 
new learning relies on previous learning* that information is retained through 
relationships (schema), and that learners construct understanding father than 
mirror what they are told (Resnick, 19825. Here again, the cognitive 
researchers believe that understanding how children learn will lead to 
improved instruction. 

Other observers bf the science education scene are less convinced. Stake 
and Easley (19785 wrote: "Research on the context of instruction rather ^han 
research on the learner is more likely to yield insights into ways of 
improving the quality of education that is offered. What research on the 
learner tells us is the vast number of ways people differ, and how greater 
experience increases those differences" (pp. 19-26). They believe that 
research on the m^ipulative variables such as administrative or social- 
political background offer more hope for school control. 
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Other research on student outcomes has concentrated on improving £he 

techniques for measuring student learning. Tests that measured such things as 
the nature of science, cognitive preferences, higher levels of Benjamin 
Bloom's cognitive taxonomy, inquiry skills, logical thinking^ and a variety ±1 
science content (e.g., marine biology, ecology, physics) have been developed; 
and analyzed. Much work exists in this area, but it is difficult to summarise 
its progress. Many tests Save tjeeh developed and used to evaluate programs, 
and predict future success in science, and these tests have been the £ocua of 
many dissertations. Some reviewers have pointed out the limitations of many 
of the measurement techniques (Butts, 3981; MaiHnsou* 1977); others ha^e 
applauded the improvement of our Jesting procedures (Sipe and Farmer, 1982). 
Many studentjoutcomes have been measured and researched. The influence of 
Bloom's taxonomy has been great* and teats are now superior to those of 25 
years ago. Further improvement will probably grow out of entirely new 
approaches and procedures for measuring outcomes. 

A great deal of time and effort has gone into the periodic national 
assessment in science conducted by *he »atib|^ Assessment of Educational 
Progress (NAEP) • We have monitored the state of the Nation's understanding on 
four occasions, 1958-59* 1971^72, 1976-77^ and 1981^82. Data gathered ftom 
this process have been useful to policymakers and researchers and qarlts ; 
continuation. , - ■;, 

A similar effort occurred in 1973 with the International Evaluation of 
Achievement (IEA) study in which science performance was assessed in 19 _ 
countries. Another international assessment will take place in 1983 in nearly 
40 countries. 

Research on the influence of «ntex§)ttri and |^^sactibn variables wis 
reviewed earlier. Measures of student outcomes were used as criteria of 
effectiveness. Much of the research on student outcomes occurs this «*y. - 
^phasls is on the influence of the independent variables rather than on the 
oature of the outcomes measured. 

The most extensive work on outcomes in acirace .«ierged ^frbm Project 
Synthesis (Harms and Yager, 1981). Desired student outcomes were proposed for 
five groups — biology, physical science, inquiry, elementary science,^ 
scienee-society-tectaology interactions, ^idei^c^on the acttial status of ' 
student outcomes was examined in light of tttg desired state, with 
discrepancies used to identify future needs f^r science teaching. The work 
which represents a milestone for research on otitoe^r^f science teaching, has 
been used to help identify exemplary science programsT.* tills, country* 

Student ^Attitudes 

Work in the development and measurement of student attitudes if not_«i 
advanced as that in the cognitive domain, although there is a great deal of 
current activity. In fact, Ormerod and Duckworth (1975) covered about 300 
attitude studies in their review. A number of attitude s*alM.h*v« been 
developed and used in various studies, but some reviewers have seriously 
questioned their-quality (Gardner, 1975). ^^hough some^deve^o^ntal 
psychologists have explored the affective. domain (Rest, 1979?, not^taw 
examined attitudes in a science context. Theoretical development is limited. 



Attitudes have been used as criteria for research on context and 
transaction components, and they were included in the last two National 
Assessments. The first IEA assessment included attitude scales, but many did 
not meet acceptable levels of reliability and were dropped. Only four were 
eventually analyzed- The 1983-84 IEA study will also try to measure attitude 
outcomes, bu£ the nature of the scales has not yet been determined: 

The Project Synthesis team specified a number of desired attitude 
outcomes, and each of the five focus groups i (biology, inquiry, etc .) 
recognized the importance of affective outcome*. Each of the research reviews 
contained sections bti the development and need for good attitude measur ' ig 
procedures. Most, however, called for continued development in the area. A 
need was seeii for clearer understanding of 'the role attitudes play in 
Understanding science, influencing future behavior* and affecting future 
career choices in science and technology. 

Benjamin Bloom published his cognitive taxonomy in the mid-19 50' s. James 
Krathwohi followed with a taxonomy for ^he affective domain 8 years later, in 
my opinion, this 8-year lag partially explains the current lag in our ability 
to effectively measure attitude outcomes I 

Student Skills 

Skills in science denote the techniques students learn in science 
classrooms (e.g., reading meters ; taking measurements* conducting 
experiments), as well as those behaviors exhibited by students after they 
leave school (e.g., brushing teeth, voting, building nature reserves). 

Some work has been done on methods for measuring process skills, 

especially at the lower grades. Observation, classification, and 

categorization tests have been developed and used, but they have yielded 
inconclusive results (Mallinson, 1977). With directed efforts, students have 
shown gains on process skill measures, but^ there is a concomitant loss in 
content knowledge/ In other cases, no significant gains were detected. 

Some have attempted to measure laboratory performance skills and have 
developed new techniques (Butts, 1981) . However, most national testing 
programs do not include "practical" tests, and there is mixed opinion on the 
value of such approaches given their high cost. The limited number of studies 
preclude generalizations. 

The third part of the Blbbm-Krathwbhl effort was the psychomotor domain, 
for which they intended to develop hierarchical taxonomy of objectives. Their 
failure to accomplish this task characterizes the situation in science 
teaching! The outcomes are considered important , ^but the barriers to 
effective development are formidable. Some people are attempting to move us 
forward tn isolated studies, but: no strong interest is evident at present. 

Te acher Change 

Teachers are often involved in the transactions that occur during the 
learning of science. It seems reasonable to expect that teachers change as a 
result of those experiences. They may learn more science, develop negative 
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attitudes, or even become so frustrated they leave teaching. We know from the 
Sweitzer (19825 study that teachers change as a result or training, but we 

knoW very little about how (indeed, whether) teachers change as a result 

teaching. Teacher burn-put and aging are examples of hoW teachers change, but 
I found no studies of science teachers that addressed these issues. This 
appears to be an area where little research has occurred. 

Some teachers have left science teaching J thereby contributing to the 
shortage. But the reasona appear to reflect economic conditions more than the 
impact of science teaching. A few surveys prpclalmea^hait there is a severe 
shortage of science and mathematics teachers in the ratted States (Guthrie and 
Zusman, 198?) and suggest budget cuts i problgi students, ab^ most important, 
higher salaries in the private sector as reasons for the shortage. But these 
are speculations, not research findings. 



Most likely, studies on teacher supply aid demand, selection, and 
retention will be done by general teacher educators or administrators, rather 
than by science educators. However, the current shortage of \qualified 
(whatever that means) science teachers may attract attention from the science 
teaching community. This issue is discussed further in the section bh "Career 
Choices" below. 



Scientific Literacy 



A scientifically literate populace ±s an oft-stated goal for science 
teaching. Literacy generally means that set of cognitive * affective, and 
behavioral outcomes tteeded for a citizen to l,\ve in our technologically K 
oriented world. Research in this area has taken two paths. Some have trie c 
to define, through research, the essential components of aclence literacy. 
Others (NAEP) have measured the components of literacy, which w^re discussed 
In the preceding three sections. , 

Several researchers h*ve assessed the requirements for science literacy as 
implied by the mass media (Ayer*, 1980), while others have attempted to 
measure the literacy of science teachers (Ogunniyi and ^ella, 19jB0) or adults 
(Miiier, 1981). In many instances, literacy is used synonymously w±t % u 
knowledge a^but the nature of science. Others define it as the knowledge and 
attitude toward the process and products of science. Because literacy has 
multiple meanings and is a common goal of science teach? it cSrtainly 
qualifies for further study. The payof 1 oi such work if? not clear, however, 
because of our limited prior experience in the are- : . 

Career Choices 

One outcome of Science teaching is a student's decision to putsue a career 
in science or science teaching. Factors influencing career choices ha^e been 
studied, *nd the causes for underrepresentation ot women and minorities in 
science careers have been earam*ned^w£th considerable interest. 

Sip« and Farmer C1932) report that 12 percent of sil ctudies reported in 
1^77-80 dealt with the career development of scientists and science teachers. 
An intriguing study by Lsgemann 'i980^uaes an approach capable of broader 
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implementation. Lagemann followed 98 teachers trained in science and found 
that those who left teaching were mostly female and had weaker science 
backgrounds than those who stayed in teaching. The reasons cited for leaving 
teaching were large classes, nonteaching school duties, and lack of student 
interest. Those who prepared for teaching but were not hired were younger, 
had lower SAT scores in mathematics and scieuoe, had higher GPA f s, and 
declared ah interest in teaching later in undergraduate programs. 

Welch and Lawrenz . (1982) found significant differences in the charac- 
teristics of ma 1 .** ^nd female teachers. Apparently, the career decisions for 
men and women ^er« iased on different factor s. 

Unfortunately, no synthesizing studies of career choices were f blind, but I 
be?uieve that additional studies of teacher and scientist selection* retention, 
and attrition would be beneficial. The implications for preservice and 
inservice r raining, for recruitment - 9 and for resolving shortages (or 
surpluses) *:»pear great. 

Institutional Effects 

Are schools and other institutions changed as a result of science 
instruction? If so, in what ways? As science programs are cut back or dropped 
fron the curriculum, what is the effect on the school? How has the NSF changed 
since the science education budget was cut from $100 million to $15 million? 
If departments of science teaching we (and are) cut from colleges and 
universities, what changes in the in* tit w ibh can be seen? Conversely, if 
programs are added to cur schools - 9 colleges, and informal science centers 
(e.g., zoos, museums), how are these institutions goiri& to change? 

I found very littii that addresseii these questions. The Stake and Easley 
(1978) case pcudies examined the influence of ^he coBamunity on the schools, 
but not the influence of the schools on the community. This was true also of 
the Helaeson report (1977). Mallinson's review (1977) included a number of 
areas where impact might b*> expected, n. "ably bilingual instruction^ 
mains treaming, and desegregation. But apparently no research dealt with 
changes in the school resulting from special science programs for the 
bilingual, the handicapped, or minorities. Perhaps it is unrealistic to 
expect much institutional change dp ah outcome of science instruction. 

SQm CONCLUSIONS 

This comprehensive analysis enables me to sketch a picture of bur current 
knowledge of science teaching. To be sure, the sketch will be hazy. 
Nonetheless, a broaH view of the discipline helps identify gaps in our 
knowledge, promising lines for future research, and areas of success.. 

My synthesis of recen : research is summarized in Table 9. Tl^e quantity of 
rt search for each element of the domain is estimated in the second column. . A 
5-point rating of very muclu much^ some, little, very little was used. Our 
current knowledge of each element is estimated in the third column, again 
using a 5-pbint scale from very slight to very strong. In some cases (e.g. § 
teacher characteristics ) 3 _ two aspects of the element are reported because o. 
different conclusions. When available, meta-analysis res ±ts are r-ported in 
the table as meac correlations or effect sizes. 
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TABLE 9 

Summary of Research Synthesis 



Element 



Extent of Known 
Research Amount Impact/Influence 



Estimated 
Futv 



Context 

Student Characteristics 
Teacher Characteristics 



Science 

School Climate 
Social Imperatives 
Home Environment 
Curriculum Materials 
Facilities/Equipment 
Goals 

Science Education 
Nfepworks 

V 



Very much 
Very much 



Very little 
Some 

Very little 
Little 
Very ,much 
S;me_ 
Little 

None 



Moderate-achievement (40% 5 * 
Slight-attitudes (,10)* 
S trbng^training( .77 ) ** 
Very slight-student 

outcomes (.05)* 
Slight 
Moderate 
Very slight 
Moderate (.43)* 
"Odette (.37)** 

sua** 

Very slight 
None * 



Low-achievement 
High-attitude 



Low 

Unknown 



Unknown 



Medium 

Unknown 

Little 

Unknown 



Transactions 



Studen*- Behaviors 
Teacher Behaviors 
Instructional Resource 

Exposure 
Classroom Climate 
External Intrusions 



Verv little Ctxong High 

Very much Slight (.22)* Littles 

Little Strong in_mathematics (.70)* 

Some Strong (.78)** 

Very little Unknown Unknown 



Outcomes 



Student Achievement 
St idest Attitudes 
Student Skills 
Teacher Change 
Scientific Literacv 

Career Choices 

Institution al Effect 



Very much 

Much 

Little 

Little 

Mtcle 



~>me 



Strong 



little 



Slight 

Slight 

Slight 

Moderate 

None 



Medium 

Medium-high 

Low 

Medium 
Unknbwi 
Medium- iiigli 

TJn kn oi en 



Mean correlation 
Mean effect size 
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The fourth column represents my estimate of the impact potential for 
future research in each area. High ratings appear for categories Indicating 

gaps in bur knowledge (student behaviors); high potential areas where 

preliminary work has been encouraging (classroom climate); or high priority i 
due to pressure to solve a problem (career choices). Low r ated elements are 
those already heavily researched with either discouraging results (teacher 
behaviors) or ambiguous or Uncertain effects (student characteristics)^ Other 
elements have not been researched enov,; . stiaat* Their impact potential 
(changes in institutions) . 

The key determinants of the most promising elemeuta are a moderate amount 
of work to date and evidence of impact thus fa. - Seven elements were 
identified as the most promising areas for needed research. They were: 
school climate, home environment student behaviors, resource exposure, career 
choices, student attitudes * and classroom climate. 

Two context -variables, three transactional elements, and two outcome 
elements make up my preliminary list. The main emphasis is on Lime , school, 
and classroom environmental factors, student contact with learning 
opportunities, and career decisionmaking. Noticeably absent from the list is 
further study of teachers and teaching behaviors* something that surprised 
3Ven me; Exceot for the influence of teacher training programs on tethers, 
the extensive research on teachers has not yielded promising results The 
mean correlation of teacher characteristics with teacher tehavior was only 
0.05. Behaviors had a mean effect size ot bill/ 0.22 when student outcomes 
were the effect criteria. What students Co dnd the context in which they do 
it appear more promising than additional investigations of what teach*;-* do. 

Other Needs Ass essments 

The last step in this needs assessment process is to compare the preceding 
conclusions with those derived from other assessments of research priorities. 
Five *rich studies have been conducted in recent years. A brief description of 
each follows; 

In 1976, a committee t>f seven science educators met to discuss needed 
research in science education under thr> co-sponsorship of the National 
Association for Research in Science T f ng (NARST) and the National 
Institute of Education (NIE) . The gro ., * - appointed by the NARST president 
and chaired by Fletcher Watson of Harvard University. Eight recommendations 
were proposed based upon the collective judgment of the committee (Yager, 
1978). The research priority areas encompassed by these recommendations are 
shown in Table 10, ° 

The commute* report was :epred"_by the NARST Executive Committee, br': 
it never gave its foncal endorsement. The fate of the report at NIE is 
unknown to me. Becauae of continuing interest by the NAffcSf Executive 
Committee in the t -search priority issue, a group at the University of Georgia 
was empowered to carry out a Delphi study of research needs among _.WST_ 
members. Thlrty-fiv^_ statements (later reduced to 31) were ranked by 27 
percent of the 780 NARSI Semhrs; Jtie top 14 priority research rreas are 
shown in Table 10 (Butts al. , 1978). 
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Table 10 
Summary of Research Priorities 



Element 



W e lch 



NIE-NARST Butt s et al . Yeany Tager et al . Abr aha 



C o ntext 



Student Characteristics 
Teacher Characteristics 

Science 

School Climate 
Social Imperatives 
Home Environment 
Curriculum Material 
Facilities /Equipment 
Goals 

Science Education Networks 



X 

X 



X 
X 



x 

X 
X 



X 
X 



X 
X 



X 
X 



X 
X 
X 



Student Behaviors 
Teacher Behaviors 
Ttu true tional Resource 

Hx^osure 
Classroom Climate 
Fxt^rnai Intrusions 



X 
X 



X 
X 



X 
X 



X 
X 



Outcomes 

Student Achievement 
Student Attitudes 
Student Skills 
Teacher Change 
S cien tlf lc Li teracy 
Career Choices 
Institutional Change 



X 

X 



X 
X 



X 
X 
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In 1978, a group headed by Russell Yeany and supported by the NARST 
Research Committee distributed a set of research topics _tb a sample of 
secondary school personnel* The group cbmpr_ised_about_ 50 percent teachers, 
butthe total sample size was hot reported (NARST Newsletter, 1979). A total 
of 12 research priorities were ranked by this group, and these are also 
presented in Table 10. 

In 1978, representatives from the science education programs at 28 
colleges and universities were asked what they perceived to be the major 
problems in science education. They were also asked to identify solutions to 
these problems (Yager etai., 19825. Five of the solutions addressed needed 
research topics, while another three focused on ways to carry _ out_ research 
more ef f ectively i The five topical areas are indicated in Table 10. 

The final survey reported in ^he literature was conducted - in JL979 by 
Abraham et al. (1982). All members of NARST were surveyed and askgd to list 
five most-needed areas of research and rank them in priority rirder. One 
hundred and ->ne pt sons (13 percent) from the membership responded i Overall 
rankings were calculated a^i^ frequency of nomira t ion and ranking. The top 
11 rankings * re listed in Table 10. Priority rank number 6 was on the use of 
research, rather than a research focus, and is not included in the table. 

Each of the preceding assessments was examined in light of_ the domain 
described in this report. Because different classification schemes were used 
in the various studies, some judgment was necessary in transferring priority 
elements to a common domain. For example, -three different priorities in the 
Butts et al. survey were listed under the /category "teaching behaviors" , 
because they all dealt with forms of classroom instruction. 

Several conclusions are apparent f rom an e lamination of Table ±6. Firsts 
an analysis of research needs based ^n the e?:t^nt and impact of prior research 
yields' different priorities than those gained through survey techniques. Only 
the elements of student attitudes and instructional resource exposure were 
included in the present study and la the majority of the other studies • 
Because of the overlap, it see lear these two areas should become the focus 
of future efforts. 

Second, survey needs assessment concentrates heavily "On teachers^ 

curriculum, and student cognitive development . This is not : too surprising 
giveri that the s irvey respondents were predominantly teacher educators, or 
teachers. J^ese elements were not given high priority in my analysis because 
a great deal ^f *:ork has already been done and the research to date has hot 
been very promising. 

Third, environmental influences (e.g., home, school, and classroom) are 

virtually ignored in the surveys as nrceht areas for research. Yet the 

research synthesis indicated quite promising effects for the limited work that 
has been done. 

Fourth, career choices in science and science^ teaching were not ranked 
igh in most of the surveys although teache^ shortage concerns have grcran _ 
rapidly in the p<:st several years. Perhapc the 4at£2 of the surveys (1976-79) 
account fc • this, for in the late i:9?0 V there ;?as a great <?eal of rhetoric 
about teacher surplus. 
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Finally, four elements of the science aducat ion domain were hot ranked 
highly in any of the studies; they were student skill outcomes, changes in 
teachers as a result of the teaching process, institutional change, and 
external intrusions* 

The failure of the surveyi'to include research on rte kinds of behaviors 
students exhibit during the learning^process is not surprising given the 
paucity of prior research in this area. : However, if one thinks of the 
students instead of the teachers as the primary actors in the learning 
process, then the study of appropriate behaviors (e.g., engaged time) seems 
highly desirable. * 

Research Recom m e ndations 

Based upon the needs assessment described above* and in spite of some 
>titradictions with other priority studies* I would propose the following 
:o search questions those most likely to help Us take full advantage of 
renewed public interest id science education. I believe answers to these 
questions offer the most hope, at this time,. for 0 improving the teaching and 
learning of science. 

o In what *avs and ta what extent do the environ m ental cbnditi ^ of 
the home^ school , > and classroom influence^ science learning? Tfc~ 
search fcr teacher and teaching effects on learning tes not been 
fruitful. Other factors need to be explored^ and environmental 
factors appear pro-iising. The kind of research carried out by 
Coleman, Jennies, tf^lberg, and others should be applied to science 
learning so that we ray identify the environmental factors that can 
be manipulated to enhance learning. Increased understanding of the 
influence of such variables as administrative support, community 
pressure, family encouragement, peer interaction, and class size/ 
wbul<? havfe tremendous policy implications for science instruction. 

# Hov cati : students attitudes be measured more ef- ^cti vely and^wtot 

factors determine these attitudes? Attitudes art important outcomes 
of science ins traction and probably mediate learning ^and future 
intentions in science. Our current measuring technique* are limited, 
*nd iie do not know %>iit factors enhance or stifle desired attitude 

( i e v*. lopment • 

• What arcane barriers to and ^acilit ^^ r^^ r- p^^d ing atudents yith 
^the^neceg ^ arv exposure to inst ructibi^i'rcgdurce g ? fnis question is 
based on th* assumption that students need to be exposed to science 
learning opportunities by polling in courses or participating li\ 
but^bf -school activities. Science enroll t ants *re low, and little is 
known about procedure;! for changing this. Furthermore, oiir 
understanding of informal science learning opportunities is minimal. 
To improve science learning, we ti^sA mor* students participating in 
more science learnia* *ctivitier.. Research aimed at discovering ways 
to do this seems essential. Without students in classes, the best 
instruction in the world is for naught. 
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What specific behaviors of stnde rits in cla ss room s ar e neces sa ry for 

erf ective^ sci e nc e learn ing ? Past research has shown strong 

relationships between what . student J (not teachers) do and what they 
learn. Learning occurs in the learner because of behaviors the 
student exhibits (e.g*., engaged time, attending^ homework) . Research 
on science instruction^from the learner's perspective offers a - 
promising line of Investigation. Little is presently known and not 
much has been done except in the area of cognitive development^ We - 
need a better understanding of the student as a learner of science 
and the necessary behaviors to enhance that learning. 

What determines the science car ee r cHol ee-^- of s tudents and te achers 
and how can these de cisions be influenced ? Concerns about teacher 
shortages, science enrollments, the production of scientists, and 
general science literacy are all related to the increasing tendency 
of people to choose not to continue in sciences ^? t ?? est an( * 
enthusiasm for science and its roles in a technologically oriented 
society have diminished in the past decade. Research is needed bri 
the underlying causes of and ways to reverse the trend. 
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DISCUSSION OF SCIENCE EDUCATION 



Rustum Roy, Chairman of the Science, Technology 

and Society (SfS) Program, Pennsylvania State University* and 
Public Policy Fellow, Brookings Institution 



Jim Conant, when he retired from Harvard,, said that there is no point 
in worrying about the people who become scientists. They are so smart that 
they take it away from you even if you cannot give it to thenu 

I really come with an apology from the research community of the United 

States, . That is my community. I am a research scientist and I ga oat and^o 
buck-hustling and do some research occasionally. In comparison to the 
community in Eastern Europe— the So vie ts~we in the research community have 
shown by bur behavior an extraordinary lack of concern not only for the whole 
process by which we generate our own kind but, much worse, for the Nation. 

Yesterday* we were treated in the National Academy of Sciences to a 
perfect display of this. The only question was: "What money do I get?" Not 
"Is the national technology posture of the United States in a devastated 
condition?" But, "How is my budget increasing? Whatdoes the budget figure 
look like for my subfieid?" So we are really part of the problem and not the 
solution. 

However* I do some research in this field, as it so happens. My research 
in the science teaching business is concerned with the importation of science 
manpower to the United States. I will publish shortly a study to show that we 
have abstracted from the restbf thewbrld the equivalent in contained 
technical training of about $980 billion between 1945 and 1983, of 1981, 
whatever the figure is. 

In science teaching, who is our target? This morning you heard that 

approximately I percent of the United States population is involved in science 
and engineering. We draw that percentage, as (Wilson) Talley said, from about 

2 percent of the population. The 99 percent. . .are we aiming at these people 

or are we aiming at the 1 percent, in the new mathematics and science teaching 
emphasis? 

In a technological democracy* the science research community thought they 
should erect a flagpole in the midst of the desert of culture: Here are bur 
scientists; these are the only true citizens* and we should provide a few 
extras just in case we want some backup. This was the post-Sputnik approach 
to solving the problem, which was "make better scientists." 

This is jibt the right^goal for us now, I believe that we should now go 
after the pyramid model, which is what every other Nation does. If you give 
some science to everybody- — a little more to this group, a little more to that 
group--ybu will have from the public, from the school boards, the money. We 
have to motivate the public. We have to do this kind of pyramidal basing of . 
the motivation of students* of their - parents* biT the teachers^— bf~the— ~ 
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Congress, and so on. And I suggest that in the j^c^i^^f this, we would have 
a much more stable, democratic situation where ac informed population would 
make more rational judgments. 

We should aim the new mathematics and science at 99 percent of the 
population. This is a reverse of the Bible theory— lon'K go after the lost 
sheep; just worry about your major flock. 

What content can possibly improve? uei me suggest tSat there is something 
here, and it is a critical element of my argument. What content can improve a 
lifelong motivation for ^earning about science and eng:*-^ **riog? It is not 
enough to give it to them just for a few years. 

: Can _we motivate people in those learning- years£- -J sa^ ve-xan* I .am____ „ 

saying that the answer is science, technology, and society. This, _I_c£a±m; is 
the core of technological literacy. Now, here is my little motto for the 
day: Technology related to life is technology, science, and mathematics 
remembered for life. If you do not manage it in those schocl years, we will 
make illiterate citizens. 

What I think was said this morning was that we should go from intuition to 
applied science to abstraction. Most of the people do it that way. I believe 
we should go from technology to applied science to abstract science. And in 
all bur curriculum^ we should reverse what we db~giving abstract principles. 
It is all very well but it simply does not work. 

Now", wtaat is "STS?" Wh a ?_ an _l_ talking about? V What do I mem by science, 
technology, and society? I believe it is a perfect example of what was 
referred to as a mega- trend, there is no NSF program., there is fib big deal, 
but all across the thousands of university campuses there has started on every 
single campus something in STS. There are courses and curricula. HIT has a 
college and all kinds of programs. There is already a kind of intellectual 
ferment, a democratic intellectual ferment, all across the land. STS gives us 
a starting base. 

Let me quote for you the National Science Teachers Association (NSTA) 
policy statement. At the end it says : 

We believe that a aliilnun of 5 percent of science 
instruction should be devoted to science-related societal 
issues. In the middle of the junior year there should be 
15 percent, in the senior year 20 percent. 

<i 

This is not an idiosyncratic, self-serving view of the STS coimnunity. There 
are no tenure positions. This is really saying that this is something which 
ought to be national. And it is the NSTA saying this. It is their position. 

If someone asks "What do you mean by STS?"— -the easiest way to explain is 
to show, them how to study science through "mineral resources," "population and 
health," "food*" and "dental care." It is that kind of stuff to which you 
bring in science. It is not just saying: "I'm going to give you a little bit 
of stuff," 
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Let me make this point about modern glue. How can such a little subject 
mak^ a difference? You go to the dime store and buy yourself a kit — those 
kits where you put the cars together—and outside the kit it says, "Giue not 
provided." What happens in bur education is that we get all these chunks and 
no glue is provided, so you carry around these parts. I am saying to ycu that 
STS, if we design it right, can be the glue which makes the thing come 
together, a synthesis in a technological world of what we have arid Uiat we 
need. 

On the new technology^ I also have a word: We should not neglect tirc fact 
that technology does not equal the computers There are many other tech~ 
nologies. Long before we get to the computer, you had better worry about the 
fa 5 1 ?,5 h ? t l ^ h . e _. pri ? t ™ aterials are going out of style, There are not going to 
~Ee any science" textbobTcs". r~TTa<r~a publisher ~iS~Sy~b^ffi"d^ yesterday say, "We 
are not going to publish any more science education materials.'* You say, "Who 
are you going to publish for? What ate you going to do about print?" 



In the STS field we have designed, with NSF support, new systems of free 

distribution, onsite reproductions Print technologies are revolutionizing the 
process of distribution of materials^ Not a word isbeing said. Everybody 
parrots that computer nonsense. I am not against computers. We are in that 
game. But video has riot been anywhere near accurately used. I suggest that 
we appropriately use the new technologies. 

So I bring words of hope arid comfort arid probably despair from one of 
those outsiders. 

Comment; — Dr^-I^e-^hulinan 



A comment about the glue, which I think is an extraordinary metaphor. ^ 
There ±s not only an absence of the glue across these fields; there is an - 
absence of the giue within^ * 

Just a week ago 1 had finished a unit with bur teacher education 
candidates, all of whom already have bachelor's degrees iri the disciplines, 
on a concept that all of us remember from the 1960 *s called "the notion of 
s tructure in subject matter." And the notion was that there ought to be 
something that cumulates and develops as you teach a subject so that, for 
example, the last short story you teach in an English course is learned in a 
somewhat different way than the first short story, because a set of concepts 
and principles and procedures for analyzing these things have developed over 
the course of the year. 

Similarly with a mathematics course. . .similarly with a science course. 
Because if you look at the interview studies of kids studying, for example, 
high school algebra, most of them have rib idea of why the topics at the end of 
the year come then and the topics at the middle come then and the topics at 
the beginning come then. Tb most of the students, these are a disintegrated, 
arbi trary series of topics which they learn and pass the tests on because they 
are docile, and the consequence of not doing it is ending up at a less pretty 
campus when they go to college, 
f 




And as I made this argument, and I made it as passionately as I could, one 
of my students raised his hand — a Phi Beta Kappa graduate in mathematics, from 
if major private university of the West Coast— and said: "How can I teach this 
to ^y high school students if I was never taught mathematics this way myself 

in the mathematics department of my university? tod I'm considered one of the 

best students who has gone through that department in the last couple of 
years • " 

So I think that part of what I am saying is that we are depending right 
?? w _9 n _^°?h _the cross-disciplinary glue _and the intradisciplinary glue 
emerging from the subject matter departments at our distinguished 
universities, usually in humanities and sciences. And that is not the way the 
subject matter is being taught to the future teachers or the future engineers. 

I think that is a serious problem, and maybe at some point we ought to - 
address it. 

Robert Yager, Professor of Science Education, 
University of Iowa, and 
President, National Science Teachers Association 

_l_did not know exactly_what Dr. Roy would say, although we both had the 
benefit of reading Br; Wayne Welch's very exhaustive and, I thinks very fine 
paper in preparation for our discussant roles. 

One cf the things that I would quibble about is the setting that Wayne put 
science education in. And I think that Dr. Roy, without knowing, has come up 
with a perfect example of the direction and setting that I would like to have 
seen Wayne use; 6 

I have no quibble with the domains. As a matter of fact, I think that is 
a beautiful way of analyzing where we are and what has been done. But it 
strikes me that one of the things that is missing is a look at what science 

education is in ^more philosophical sense. And to me it is that discipline 

that is charged with looking at the interface between science and society; It 
is that discipline, then, concerned with how we can interpret for society what 
scientists do and what science is j|...a basic enterprise of man. Similarly, 
it is interpreting for the scientific community the constraints of society and 
the interplay between the two. 



It is that setting, when I read Wayne's paper and his look at the domains 
and the research that is being done, that concerned me a lot. Ih a sense, I 
see that my role may be tying Dr. Roy's comments and Wayne f s paper a bit 
together. 



The other point that I would pick at just a little bit— and I assumed that 
°y role when asked to discuss the paper was to do a bit of picking and maybe 
to stir up a: little excitement so the rest of you have a chance to react 
against what I might say or whatWayne has already said— is Wayne's deemphasis 
of goals in science education. If you noticed, this was on one of the charts, 
and Wayne did not think it was going to be worth tod much. 
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That is an extrejmely important area, and, to me, it gets at why some of 
the other areas of lie sea rch and some of the other things we have done have hot 
been too fruitful. It seems to me that the domains chart and what we have 
done in science education is to assume that the discipline is one of studying 
what goes on in schools. We have defined it too much in, terms c£ the one 
dimension of science, that is, the content dimension. And we have viewed our 
roles as simply ones of figuring but some way of taking this vast body of 
evergrowing knowledge and somehow getting kids, K-12 students, to absorb it. 
We have tested different ways of doing it * tried different techniques* 
different personalities ef teachers, different kinds of curricular materials* 
. but always with that fundamental goal. It is a matter of getting students to 
know more than the professional scientist thinks he or she knows. 
_^ 

It strikes me that .this unidimensibnal view and definition of science is 
at the heart of and ±£ the major problem. 

Wayne has mentioned the Project Syntheses effort of which we were both a 
part. I think one of the striking results there was the lack of any 
philosophical perception on the part of teachers* except a commitment to the 
discipline, except to the content of science that the teacher knew and had 
experienced him or herself. «> 

It seems to *ne that this lack of the philosophical perspective— a lack of 
any view as to what science teaching is about and what science education Is 
about and what the fundamental mission of our discipline is—is a problem. 
Certainly the NSP status studies revealed that .many teachers are able to voice 
?9?^?>_?°_? t ??f_9^j??tiyes, but most of the time when we tried to find 
examples of those stated philosophies and objectives in practice, there was 
nothing theres There was simply nothing beyond a commitment to imparting the 
knowledge that particular teacher knew of that appeared in a textbook. 

I would look next at a few pieces of information that I think were missing 
from Wayne's analysis. It was. mentioned this morning that there is a great 
mismatch between the science that is being taught and the science that is 
needed. Again, Dr. Roy touched upon that, I think very eloquently. I think 
it is fair to say that there is evidence in the status studies that the 
materials and the curriculum that are being used and being followed in '_ 
classrooms across the Nation are perhaps appropriate, at best, for 95 percent 
of the students. 

Another related problem is the fact that we have paid no attention to 
instructional theory. And again it is fair to say that there is a mismatch as 
far as what is being done—the strategies that are being f olio wed — ancT what we 
know should afce place. And this mismatch, too, could be labeled at 95 
percent. 

Many of you know that in the National Science Teachers Association (NSTA) 
we have been involved in a^search for excellence, a fearch for _fxamples of the 
exemplary or the dqsired or the ideal-state conditions that were identified by 

the Project Synthesis effort^ As we have gone around visiting six centers of 

excellence, we have been amazed at the number of these programs for which 
there had* been a concern for curriculum but practically no knowledge of and no 
interest in instruction. And we think this is a serious problem. . .again* a 
major mismatch. 
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Another point that I think is worth mentioning that came but of the 
synthesis effort , and mainly, from the National Assessment of Educational. 
Progress (NAEP) efforts, is that the longer a student stays in school - x the * 
less interest he or she displays in science. We think that this is of 
considerable importancne. There is something about what we are doing that 
actually is causing th^opposite kind of outcome than that we would like and 
expect in terms of interest. We found that the longer a student stays in 
schbol--and this, you will remember, is comparing 9-year-bids, IS-year-blds^ 
and 17-yeai>-6rds~the less comfortable a student is with studying science. 

Another effort deals with the emphasis upon literacy. You will note in 

Wayne's anal y sis that he put literacy at _?_nsoderate or low classification. 
Also, it seems to me that another important piece of research that deserves 
mention is the work of Miller and Voiker. -Their work, funded by NSF, deals 
with student at tentiveness in science. In my mind I can accept their 
definition of Vat tentiveness as really scientific literacy. Fbr_ those bfybu 
who are familiar with that project, you know there were three elements of 
attentiveness or literacy. The first element was interest— expressed interest 
in science and technology. Th?_«pqrt was that of typical high school 
graduates, 30 percent of whom expressed interest to the point of taking some 
action. 

Another aspect of literacy, as they defined, it, was knowledge, and they 
checked but four concepts across the high school years. One of those concepts 
was molecule. And they found that only 25 percent of the high school 
graduates had a working understanding of that concept. As I said, they looked 
at others, that is' just one example. 

The interesting factor about the finding for both interest and knowledge 
is that there was no increase in either across the high school years. That 
is, taking science did not increase knowledge and it did not increase interest. 

The third aspect of attentiveness in science or, as i am calling it, 
literacy, was the ability to pursue knowledge* to increase knowledge, or to 
increase interest. And when that is taken into account, we find that the 
formula goes way down and there is way less than 20 percent that do anything 
about pursuing interest and/or knowledge. 

When the three are put together, we find that only 10 percent of the 
American citizenry meets the criteria. And I think it is extremely important 
to say that we are doing something wrong if we have only 10 percent of bur 
population, 10 percent of the high school graduates, able to meet this 
definition of literacy. 



In summary , I would simply say^ in terms of Wayne's paper, that i have no 
quarrel with the questions he has posed. I would be delighted to see those 
five questions as a research agenda. But I do have a problem with the setting 
he has proposed, for science, education. I dd have a problem with the 
operational goals, the problems that have been identified if we were to use 
Lee Shulman's series this morning of troubles, puzzles, and problems. It 
seems to me we could be much more specif ic in terms of defining those if we 
could agree upon the fundamental goals of our discipline in an operational way. 
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I think there are problems in the way we have measured those, and we have 
had some confounding kinds of studies and reports. And I guess that is one of 
my concerns in some of the meta-analysis studies, although I must hot get into 
tffat or I would be outweighed in a hurry in terms of what those studies do 
indicate. 

It strikes me that the teacher studies that Wayne has pointed oat have all 
the problems that he has identified. But the one, it seems to me, that has 
not been checked is that of philosophic orientation. Why is the science 
teacher there? What does the science teacher perceive his or her role to be? 
And it strikes me that most have a bad understanding of why they are there. 
And that singling out some of the exemplary teachers of exemplary programs 
indeed shows already, with bur studies of the search for excellence , some 
fundamental differences among the teachers who are doing things and those who 
are just there . 

It seems to me, then, that we need to define our problems, to prioritize 
our goals, and to proceed with attempts to solve our problems in a good 

procedure that we all follow in science^ Too much of what is done in the 

research that has been reported and summarized, it seems to me, has been in 
the school environment only. And certainly the^Volker-Miller study would 
suggest that the^chbol is the least important element as an institution in 
being responsible for the understandings and the attitudes and the knowledge 
that the high school graduate has about science as a field. 

Comment : Dr. Lee Shulman 

— ' _ / 

Your reference to that study that purported to show that the more students 
studied science the less they lijced it reminded me of the old suggestion that 
the best way to solve problems of overpopulation in some countries was to add 
sex to the formal curriculum and the kids would turn off on that^ tod. 

I too, have some fairly serious quibbles with Wayne about his * 
meta-analysis , especially with respect to teaching behavior, but I trust that 
Tom Good will Handle that one in either his summation or his conference 
synthesis, with the elan I have learned to expect from Tom. 

To reassure Wayne* — there is far more research ?9i5g_o5_9? student 
processes arid student mediation of teaching than was referred toi And i think 
he is absolutely right: it has turned out to be a very productive area of 
research — not in science, though some in mathematics. 



OPEN DISCUSSION 

DR. TALLEY: In discussing theeffect of the environment, especially the 
home* you put it down as moderate and perhaps high. In ±977, Lucy Sells, in 
her doctoral thesis at the University of California at Berkeley^ which was 
later simplified in an editorial in "Science," analyzed women who had the 
ability to go on in mathematics but did not. There are four ways you can 
group people. And the one that interested her was why women with the ability 
to go further did not do it. The dominant factor was the attitude in the 
home, especially of the mother, followed very closely by that of the father. 
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How many pther studies have been done in this jway, examining the cohorts 
of those who could dp it but .elected not to and trying to do a multiple 
variance analysis? I realize that the statistics show only associations and 
not causal relationships^ but if I were to design a new curriculum, I would do 
it in a way to counter any negative influence— -that this is not a ladylike 
thing to do* or that engineers do; not get paid million-dollar salaries as do 
first basemen. 



DR. ALDRIDGE: Wayne, I have read your paper. 1 have an advantage over 
the rest of the audience. In the figures you present on mean correlations and 
effect, you do not cite any errors nor do you indicate ways in which 
significant levels may have weighted the means. Are you satisfied that those" 
have been done appropriately? And are these errors of sizes that you made 
ignored in presenting your table? 

BR« WELCH: That's a good point, Bill. The series of papers that formed 
the basis for some of my data will be published in an isslie (hfiy 1983) of the 

Journal of Research in Science Teaching. And they do report s tandard errors 

for all of the effect sizes that they report or the mean correlations. The 
standard errors of the effect sizes are very much related to the number of 
studies, and I do not believe they included studies that had fewer than a 
sample size of seven. Most of them were in the range of 30 and above M the 
standard errors of the effect sizes range from perhaps 0.20 up to 0.90. _3p 
there is quite a range. And it is not clear to me that an effect size of 0.40 
is a significant one given the probability of error that is included. 

As far as the relative size of the sample , the people who develop analysis 
techniques examined that and found little relationship between the number of 
subjects in a given study and its influence on the overall effect size. There 
is some but it's not that large. 

There, is some concern and criticism about the use of meta-analysis— a 
process where you take a bunch. of studies and try to come up with a single 
characteristic. And some people are philosophically opposed to that. I find 
it offers some insight, and I am not as concerned about it as some others are. 

DR. SHULMAN: Let me make two comments on that. One is about the effect 
sizes and the choice of 0*40 as a cutoff point. My colleague at Stanford, 
Nate Gage, is concerned about how we in the social sciences may be using 
effect sizes that set a far higher standard Jor_ what is significant than some 
other fields may. And he did the following analysis. 

} 

Many of you who are readers of either S c ience or of good newspapers know 
that within the last half-year or so there was a large-scale experimental 
field study of the use of beta blockers in trying to prevent second heart 
attacks, I think it was, in people who had had an infarct for the first time; 
And a rather dramatic thing happened in this study. After something like the 
first or_second year, it appeared that the results were so strikingly in favor 
of the experimental group that, on ethical grounds^ the committee at NIH, I 
think it was, that was monitoring this study recommended that the study be 
terminated so that all people, including members of the control group, could 
have the benefit of these beta blockers. 
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What ^ate Gage didj as professor of education at Stanford, was to get the 
data whidh were published on this study and to analyze the effect size, which 
is something that we who do educational research look at. Other folks do not 
tend to look at effect sizes; 

The effect size (I believe, 0.14) that was represented by this difference 
was so striking in that case that they did something unheard of — they 
terminated the experiment in midstream; 

We do make policy judgments in fields outside of education on the basis of 
what may* in the abstract - 9 look like small effect sizes. These are complex 
issues and we do not really have that much time to go into them, but I think 
we have to look carefully at some of these methods and some of our criteria. 

DR. SABAR: Wayne, I know you do not feel comfortable with some of the. 

results. We have discussed it a little bit before. Yet I wonder what kind of 

message we give to teacher educators if we really have that little effect on 
teaser characteristics and teacher behaviors and if students* exposure to 
learning experiences seems to have a much stronger effect, especially in 
^mathematics (0.70). 

.According to your report, the more students are exposed to science, their 
learning outcomes improve. We may get the wrong impression that just by being 
admitted to the course (is important). But is it hot* really* because of the 
teacher's initiative in the classroom, because he or she really guides the 
students into time on task, into a certain kind of activity, or a certain kind 
of homework that you have been pointing but? Arid I am rather concerned about 
the message that we do have to say to teacher educators. 

DR. WELCH: I am afraid I do not have a very good answer to your 
question. What 1 am trying to do is to sensitize those of us in science 
education to focus a little bit more on student behaviors anu on some of the 
things that follow from that. One of the important characteristics of a 
science teacher is whatever it takes to pellhis or her science course—to 
make it interesting enough that students will take more science in school, at 
the precollege level. That is where we need some research. Because I am not 
sure what it is exactly, what the barriers and facilitators are of getting 
into science classes. 

Another line of research that I was struck with was presented at the 
conference we were at in Israel by both Susan Stodolsky and Dave Berliner; 
Berliner is trying to depict the teacher as an executive in a classroom who is 
responsible for managing the productivity of a number of people that he or she 
has responsibility for. 



DR. SABAR: That is a behavior. 



DR. WELCH: But it is a different kind of behavior than the sort of things 
that we have examined before; I do not know whether it will work; It does 
tend to increase the status, and it may be related in some way or mother to 
the increased productivity of the classroom* 
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Some work that Stodolsky and Doyle did looked at the classroom. .. the 

?*?dent views, the ecological perspective, that classroom behavior is an 
exchange for some kind of reward, that you do things in class because of 
either the rewards you get through satisfaction or, more often, grades or 
something of that sort, such as you pay attention, you learn' to use 
colleagues, you learn to understand what it is the teacher expects. . •things of 

sort; And I think what is needed is research of that kind of student 
§®^?Yl or _^?? has implications for what teachers ought to do that enhances the', 
effectiveness of the students' behaviors. 

DR. LANIER (Judith Lanier, Michigan State University): Wayne, my question 
is related to the lack of a strong focus on your part on the studies of t;he 
cognitive processes of teachers and learners as they interact in the r > 
classroom. I was kind of struck by: "We have looked at teacher behavior that 
hasn't paid off, so now let's go to students and study student behavior • " 

So I am raising the question of whether you thought about cognitive 
processes and left it out* or whether it dust was not represented in the past 
so therefore you left it out, or whether maybe I missed the applications of 
cognitive science and the studies of cognitive processing of teachers and 
learners in your presentation; 

DR. WELCH: f thought about it. I was at a meeting in Pittsburgh just 
before Christmas related to needed research on cognitive processes and 
information science. What has happened in science education is that the 
research on teachers' cognitive processes is very extensive. I was not able 

to find in the sources which I used, which were research reviews (Project 

Synthesis, National Assessment, and the meta-analyses), anything that seemed 
to represent a large amount of research in that area. 

The research on the cognitive develbpment~Piaget , Ausabellian sorts of 
things* if those two go together-Hides not lend itself very well to the kind 
of meta-analysis work that was done; So one reason it is ignored is because 
it was not included; 

it's the percent of people who can do certain tasks. It was included 
under the student characteristics. That is* the student characteristics are 
very much related to what students, learn. And if you look at the ability to 
perform certain tasks and you develop some kind of a measure to measure that, 
it correlates around 0.4 to 0;5 with student achievement. 

As far as gaps or promising future research on student characteristics* It 
seems to me that a lot has been done, and* except for some of the work that 
has recently been done by Larkin and others, I just do not know. It's sort of 
a void* an unknown* as to whether that holds promise or not; 

DR; YAGER: I am somewhat perplexed with this kind of choosing up sides: 
"Is the studrat more important or the teacher?" I keep wanting to get back to 
what is the fundamental problem and what is lt_that we are after. And it 
strikes me too much* "0h,^i'm Into teacher stuff* and therefore somebody is 
going to get money *" or* "I want to study students." 
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It: seems to me that that is Vhere we need the philosophical orientation. 
We need to define the specific problem. And then maybe it would be obvious 
what we want to study or where we might go with what seems to -me Xp be almost 
prejudices to a certain degree. It just strikes me that this sort of 
banteting is not getting us anyplace on any issue. 
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<* . TAKING MATHEMATICS TEACHING SERIOUSL_Y: 
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Jeremy Kllpa trick, Professor of Mathematics Education, 
University of Georgia* 

. and ^ 
James W. Wilson, Professor and Chairman, 
Department of Mathematics Education, University of Georgia* 



._ . ,i % 

The shortage of qualified mathematics teachers for America's classrooms is 
serious, and it will become more serious in the next few_ years. Planners, 
policymakers, and administrators must recognize k the complex causes of the 
shortage, understand something of Its historical roots, and see it more 

clearly as the surface manifestation of a far more intractable phenomenon. * - % 

\ ._ 

Our ..thesis is that tl)e current shortage of mathematics teachers is a 
symptom of a chronic iiid pervasive disease: , tfie failure of various segments 
of society and the educational community to take seriously the teaching of 
mathematics; There has been a serious devaluation of mathematics teaching, 
and that is the malady underlying the shortage. 

We are ref&rriig to attitudes toward mathematics, its teaching, and those 

who teach it. These attitudes are shared by students, parents, school ^ 

administrator 8^ members of the general public, State and Federal legislators, 
mathematicians, mathematics teachers themselves, and any of a number of other 
people who affect what goes on in mathematics classrooms. We claim that 
despite occasional professions of admiration ^ or the heroic job that 
mathematics teachers do, too many people today have Ht tie regard for either 
the profession or the activity of mathematics teaching.. Some who claim to 
value mathematics teaching most highly are those whb* often in subtle ways, 
express the greatest contempt. The devaluation of mathematics teaching— n^t 
only contributes to the teacher shortage but also operates to thwart attempts 
to relieve it. 

The current shortage of mathematics teachers- is most apparent in the 
secondary school. There one can identify clear expectations of a background 
in mathematics and pedagogy and can document that an insufficient number of 
people are available^ In the elementary school, however, the shortage of 
trained teachers of mathematics is less obvious. Among the cadre of certified 
elementary school teachers,-: there are too few whose knowledge of mathematics 



*The authors are grateful to Tom Cooney, Ed Davis, Linda Ginn, Larry Hatfield, 
Joe Hooten, Jeremy Jordan, Laurie Reyes 3 and Sigrid Wagner for suggestions 
and comments on ah earlier version of "this paper. 
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is sufficient to the demands of today's curriculum — let alone tomorrow' s--aiid 
who feel comfortable with mathematics. Schools face an especially severe 
shortage of teachers who are adequately prepared to deal with the unique 
concerns of mathematics teaching in the middle school years. Although our 
focus is the problem at the secondary school level, we feel strongly that 
there is a crisis in the teaching of mathematics at all levels. 
<■-» _ 

In what f oiidLrs, we look first at some ideas that have been proposed for 
alleviating the current shortage of mathematics teachers, examining what these 
ideas suggest about a more satisfactory approach to educational problems. 
Then we look at the school mathematics curriculum in the United States and the 
teacher's role in developing the curriculum. Next, we consider mathematics 
teaching ljn the United States and how it has been viewed by the participants 
in the process^ as well as by outsiders. Finally - f we outline some directions 
?9 r _ ^F^PY*?? ■■^^wnHtlca teaching that are suggested by our observations. We 
believe there is a research agenda inherent in these observations. 

SOME IDEAS FDR REDUCING THE SHORTAGE OF MATHEMATICS TEACHERS 

I? examining various proposals for reducing the shortage of qualified 

teacher sj>f mathematics, we have been struck by the frequent clash between 
short-term and long-term goals. Some proposals seem likely, if implemented, 
to exacerbate the problem of making mathematics teaching a profession that 
will attract, and hold superior teachers in sufficient numbers to make future 
shortages unlikely. There is a very lifted research, literature on which to 
^ff? P^^Je^^P^.P^t^ cpstS and benefits of proposals. Research should be 
conducted into their possible ^f^ects, including any side effects, perhaps 
concurrent with their implementation. 



r 



Raise Salaries for Mathematics Teachers 

One _line of argument says that if school mathematics teachers were paid 

more, there would be more candidates entering the field and fewer mathematics 

teachers would leave. The contention is probably valid and well worth 

pursuing. We have former students at every degree level who have abandoned 
mathematics* teaching for higher paying jobs. Clearly, low salaries contribute 
in a major way to many teachers' decisions to leave the profession. 

Nonetheless, people leave mathematics teaching for many reasons, and these 

should be studied. Serious study is also needed of the changes— both 

beneficial and harmful—in the profession that would be brought about by 
increased salaries. _ For example, although the benefits could include 
attracting to school mathematics teaching talented and committed people who 
might not have considered it otherwise, the costs might include attracting and 
holding more of the unqualified. 

We do not oppose higher salaries for teachers, nor do we oppose paying 
mathematics teachers more than other teachers • As a short-term tactic, 
however, differential salaries possess some built-in assumptions and 
limitations. 
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• First, the tactic seems to assume that there.are a substantial number 
of qualified mathematics teachers "out^ there" who, given enough pay* 
will stay in or return to teaching. The assumption is questionable. 

i Sexond^ differential salaries may adversely affect how mathematics 
teachers are distribute^, with affluent school systems being able to 
exert even more leverage than they now do in attracting the best 
qualified teachers. 

• Third, one must consider the divisive influence that differential pay 
might have on the profession. One Sroup of teachers might be pitted 
against another. _ Th* Director of Teacher Education and Certification 
in the New York State Education Department^ reacting to a plan for 
differential pay in that State, argued: ^ " ^ 

Such a plan could possibly cause Ji major uprising 
among the 192,000 persons presently serving in 
the schools . That potential would result in more 
problems in New York State than any solution 
might Be worth. (Gazzetta, 1982, p. 19) 

Provide Incentives to Preservice Teachers 

Another popular proposal for dealing with the shortage of mathematics 
teachers is to provide grants or cancelable loans for students preparing to 
become mathematics teachers if they agree to teach mathematics for some 
specified minimum time. The long-term effects of this proposal may well be 
positive. Incentives— if handled properly—might encourage some talented 
young people to consider mathematics teaching, and one of the things we ask, 
as educators of mathematics teachers, is the opportunity to appeal to such 
student Si 

Thereis^ of course, a negative side to any such -incentive program— the 
likelihood of attracting to mathematics teaching people who are not interested 
in it as a career and who will teach only the minimum time needed to repay 
their obligation. Frankly, we have heard of no proposal in which the_ 
incentives were so high as to attract large numbers of such people. The 
positive and negative aspects of incentive programs now under way should be 
studied. 

Change the Requirements for Becoming a Mathematics Teacher 

Some argue that the shortage of mathematics teachers is so severe that 
certification, requirements should be changed so as to "free lip" pools of 
talented people to teach mathematics. One of these pools consists of teachers 
from other subject fields who have not studied enough mathematics to qualify 
for certification as a mathematics teacher in a middle jchool or a high 
school. Many of these teachers are nevertheless assigned to teach 
mathematics, and some authorities have suggested that the shortage might 
easily be ended by providing these teachers with training in mathematics and 
then certifying them. 
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Our experience indicates that the suggestion is naive. Such teachers 
often have very weak preparation in mathematics and need extensive, 
opportunities to develop a depth of mathematical knowledge and ability — 
whether measured by courses completed, competencies tested, or inservice 
programs survived. Few of these teachers, in our experience, have managed to 
develop and maintain a genuine commitment to mathematics teaching. Short-term 
programs that _proyide workshops, inse^ice courses, and the i always 
reflect a compromise in the quality and depth of mathematical knowledge that 
teachers are likely to need. A long-term side effect of this proposal might 
be the staffing of high school mathematics departments with underprepared, yet 
certified*. teachers who would act as a barrier to the subsequent enlistment of 
better qualified and better prepared teachers. 



A different compromise can be seen in proposals in Georgia and other 
States for a second level of certification for teachers of nbn-cbllege- 
preparatory mathematics courses. The mathematics curriculum for students who 
are hot bound for college is already a wasteland. It deserves the attention 
of fully trained and committed teachers. Study of the situation is needed, 
but in bur view, teachers of non-college-bound students are likely to need a 
broader knowledge of mathematics and its applications than their colleagues 
who teach the college bound. 

Another pool consists of scientists and engineers from industry afjd 

science-trained college graduates* These people may have adequate preparation 
in mathematics, but they do not have training or experience in teaching. 

Since most such recruits to teaching lack traditional 
teaching credentials their wbrkin a school system may 

create controversy. States should consider competency- 

based (rather than credit-hbur-based) teacher^ertification; 
an alternative is to. create a separate category, say» 
adjunct teacher, _99?P?rahie to ^n f^J^ct professor in a 
university, for scientists who want to teach in schbblsbut 0 
lack traditional certification. (National Academy, 1982, 
p. 185 

Yet another pool consists of students preparing for careers in business 

and industry who migh^ be enticed into teaching. Gazzetta (1982) has proposed 
that business, industry, and education enter into a cooperative program in 
which capable high school students would enroll in collegiate programs 
preparing them to teach in elementary and secondary schools for 3 years. ^ 
Business and industry would agree to employ the graduates of such programs 
during the summer and then would provide a stipend to enable the completion of 
a graduate degree in mathematics. After 3 years of teaching* the graduate 
would resign from the teaching position and join the sponsoring business or 
industry. 

Most proposals to recruit teachers f rom nontraditionai backgrounds assume 
that mathematics teaching requires a knowledge of either mathematics or teach- 
ing, but they fail to acknowledge tha^both are essential. These proposals 
also treat lightly the question of commitment to mathematics teaching as a 
profession. > 
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Provide Help In the Summer Months 



For many mathematics teachers, summer employment has become an economic 
necessity. Unfortunately, such emplb^ent™like_ moonlight^ has hp 

relationship to mathematics teaching, and its value for professional growth is 
likely to be nil. 

Some appealing proposals have been made to provide summer work in 
industries or in government laboratories where the teacher can be involved in 
applications of mathematics. Programs to implement such proposals, however, 
are 'rare and hot well-known. The feasibility of the proposals should be 
explored and the programs studied for their value in professional development. 

Another suggestion is that schools, should employ. some mathematics teachers 
for 11 months a year. The summer months could be used for the preparation of 
course material and syllabuses. Our experience with teachers who were hired 
during the summer to assist with the development of teaching material? 
indicates an added benefit of increased professionalism and a commitment to 
make the material work effectively in their classrooms; 



A thread running through the proposals discussed so far for dealing with 
the shortage of qualified mathematics teachers is that money in the teacher's 
pocket is the key to any solution. Not everyone takes this view: 

Nonmonetary incentives include giving more support services 
to teachers* freeing them from nonins tructional tasks* and 
recognizing outstanding performance. •• .Some people think 
such incentives might be more important than added pay in 
retaining good teachers; (National Academy, 1982, pi 17) 

Our view is that^ important as additional funds may be in attracting and 
^???i n i??_9??^ifi?^ mathematics teachers^ ih the long run attitudes will prove 
more important than funds, that does not mean that salary is unimportant to 
teachers, but it does suggest that unless the teacher's commitment is 
appreciated and enhanced* rather than thwarted - x monetary incentives will fail 
to stimulate superior teaching. Consider the following three pieces of 
information taken from surveys by the National Education Association 
(Editorial Projects in Education, 1982, pp. 245; 248): 



1. the principal reason given by teachers for their decision to become a 
teacher was a desire to work with young people, this reason was 
given by over two-thirds of the teachers surveyed in 1971* 1976, and 
1981. 

2. The percentage of teachers planning to remain ih teaching until 
eligible for retirement declined from 49 percent ih 1976 to 35 
percent in 1981. 

3. The percentage of teachers responding that they certainly would enter 
teaching again declined from 53 percent in 1966 to 45 percent in 1971 
and 38 percent in 1976, and then dropped to 22 percent in 1981. 
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It appears that the morale of teachers has declined faster than their 
relative purchasing power. If teachers are not permitted to T work ^ with young 
people in the ways they consider most appropriate without needless 
interference from authorities— and if other doors are open to them — they will 

the profession; The morale of mathematics teachers is not 
necessarily lower than that of other teachers, but for the qualified 
mathematics teacher doors have been opening to opportunities in business and 
industry. 

The solution to the shortage of mathematics teachers is not just more 
money— even though more money Is needed for education and some parts of the 
?9? llt i t,li _ m ?y ?? st * lot of money. The solution requires that more students be 
recruited to the prof ession, that competent qualified teachers be retained in 
the profession^ and that incompetent or underqualif led teachers either be 
helped to improve in quality or be helped out of^ the profession. A cbnditibti 
of this solution is that the profession itself must become more attractive in 
the rewards it offers. 



HOW DO WE APPROACH EDUCATIONAL PROBLEM S ? 

An important obs ervation about the various proposals for reducing the 
shortage of mathematics teachers is that these proposals have not come from 
the teachers themselves. They have come from members of various groups who 
manifest a concern for the plight_of the classroom teacher but who are not 
themselves engaged in teaching. Even the various professional associations 
that profess to speak for the mathematics teacher seldom count more than a 
handful of _P*? c ticing teachers _M95g_their leadership and have only a fraction 
of the practicing mathematics teachers among their membership.' 

— «^ _ _ — _i — _ _. 

Educational problems in this country generally have been approached in a 
top-down fashion, often with little effort to find, but what the problem looks 
like from below— the classroom , ifl • _ 

face in addressing problems related to the teaching of mathematics is that 
most of us who wrestle publicly with the problems have not been in many 
classrooms lately. We have hot walked in the shoes of the mathematics teacher 
who has five classes (and three "preparations'*) a day. 

_?® a ?_?^®_Y°l?®_?f_?_ s ?? on ^_8?sde teacher as she expresses her frustration 
at yet another newspaper column on mediocrity in education: 

I feel an unrelenting heed to express myself regarding 
the negative feelings surrounding public education and 
the fact that the classroom teacher is rarely the 
decision maker, the one person who is in the position of 
having real insight into children and the education 
process- • • • 



Mediocrity comes from the feeling of impotence in a mass 
of others who are making decisions which affect the 

t ?^? 8 ??99? _???5^ er I _ _^?S i ??- at 9 r ?» _utiiversity professors 
and researchers, boardg of education, administrators, 

classroom teacher at the bottom of a pit surrounded by 
the decision makers pointing their fingers and saying (in 
^ many different ways) "Do it my way." Should the teacher 
be able to make sense of all of that melee, a new 
bandwagon will come by for the decision makers to attach 
themselves to, and so new directions are shouted into the 
pit.... 



The lack of concrete support, diminished morale, mixed 
messages , the feeling that " I must not be good enough to 
take responsibility for the education of my students, " 
®?4_?*??_*5 e **?8_?* la ? one is, at times, a_p«ppet, 
victimizes the chiidi For we know in our professional 
hearts what kind of environment a child needs in trtiich to 
grow and learn and "find thau knowledge that isV within," 
but I can assure you that a negative working environment 
caused by society's demoralizing attacks on schools can 
affect the child. ... 

° Excellence in education will occur more frequently when 
the teacher becomes autonomous and is made responsible 
for the education of students. Excellence will occ^r 

of a professional with the salary and esteem equal to 
other professions. Excellence will occur whec we cease 
looking at education as "meeting minimum competencies." 
Excellence will occur when teacher training institutions 
cease looking so strongly at teaching styles - t techniques, 
philosophical stances, and the ability, to_ expound 
educational jargon, and take a closer look at necessary 
personality traits: an aura of confidence; of being 
turned on to life; of having the ability to empattoize 
with a child; of being secure enough in the assessment of 
a child's emotional and academic needs to meet anxious 
parents and administrators calmly; of being secure enough 
to be first and foremost, the child's advocate. 

The teacher is the clue, the catalyst, the core around 
which all else flows. We need to begin there. (Ginn, 
1983, p. 6)^ 

That voice should haunt anyone who addresses the issue of improving the 
teaching of mathematics in our schools. We do not presume to speak for the 
teachers themselves. But we do wish to bring forward certain considerations 
that have occurred to us as we have thought about the problem and as we have 
talked to teachers ♦ 



THE SCHOOL MATHEMATICS CURRICULUM IN THE UNITED STATES 



What the Curriculum Has Been 

Throughout this century, as the school mathematics curriculum has been 
P?ll?d ?o and fro by var^ 

mathematicians 9 mathematics educators, school administrators, admissions test 
developers, curriculum theorists, school boards, public interest groups, 
bureaucrats, teachers' associations—the teacher of mathematics has tended to 
t 2 ignored, or worse, given a token hearing. 



Sixty years ago, the National Committee on Mathematical^ Requirements oi 

the Mathematical Association of America issued a report on The Reorg a n i z 

of Mathematics in -Secondary Education (1923), which was meant as a reply to 
• the education generalists who argued that mathematics, like, any other school 
subject, had to have "social utility. " This confrontation between generalist 
and specialist joined the issues of mathematics for everyone and mathematics 
for the few. Forced to defend its place in the curriculum, mathematics seemed 
unable to justify its value beyond the most trivial forms of arithmetic, • 
a lg e t>ra, and geometry^ and accordingly declined in the school curriculum 
during the thirties and forties. 

By the mid-1950 v s, school mathematics was again on the defensive~this 
time against back-tb-the-basics educators who, appalled at the _inroads* that 
progressive education had made in the schools, wanted to recapture a mythical 
past when everyone could calculate cub* roots and divide polynomials with 
ease. Into this fray, but ignoring both sides, stepped the mathematicians ^ 
bringing the "net? math. n They brought many positive forces to mathematics 
teaching §■ but they did not manage to get teachers to work with them as 
colleagues and equals. As so often happens, teachers were treated "with the N 
kind of casual arrogance only profes ors can manage t when they conceive of the 
lower schools'* (Schaefer, 1967, p. 51; A and this treatment may have been the 
Achilles' heel ?if the new math movement . 

The popular view these days is that the hew math failed. A more 
considered view, and one that is shared by a good many people who have sought 
to analyze this curriculum reform effort, is that the new math was 
really tried--in the sense that it did not permeate^ most classrooms very far. 
Referring to the curriculum innovation associated with the new math^ the 
report of the National Advisory Committee on Mathematical Education (1975) 
concluded: "The principal thrust of change in school mathematics remains 
fundamentally sound , though actual impact has been modest relative to 
expectations" (p. 21). The popular perception, however, seems to be that the 
change was massive and that it has now been repudiated. 



Partly because of the perception of the new math as a failure, the 1970*8 
produced another back-to-basics movement. Many schools had never been away. 
The result was a trivialization of textbook content', a flood of duplicator 
worksheets, and much hand wringing when, at the end of the decade, the 
National Assessment results showed that many students were unable to us* 
mathematics for solving simple problems (Carpenter et al. , 1981) • 
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A recent turning point in the tug and pull of the school mathematics 
curriculum seems to have been the Agenda for Action of the National Council of 
Teachers of Mathematics (1980). This report, which reflected an input by 
mathematics teachers, presented recommendations -for school mathematics in the 
1980' s. The report set an agenda rather than providing a blueprint. 

The recommendations in the Agenda called for an emphasis on problem 

solving and applications; a reexamination of basic skills* incorporating 
calculators, computers^ and other technology into the mathematics curriculum 
and mathematics teaching; and more mathematics for all students. The 
recommendations have been criticized^ applauded, widely cited, and widely 
ignored. Textbook publishers have indicated that they are incorporating the 
recommendations into their material, but the textbooks look much the same as 
before. For the most part, classrooms continue in a drili-and-practice mode. 

We follow the Agenda in believing that the impact of computers will change 
mathematics teaching, the school mathematics curriculum, and teacher 
preparation programs. We too would applaud genuine problem solving by 
students. We ^?^P? 8 f_^^f_^f commendation that every high school graduate 
should have 3 years of a ppropriate high school mathematics. But we further 
believe that the mechanisms to bring these changes about do not exist 
independent of competent, highly trained mathematics teachers. The arena for 
action is the_ classroom-- not the superintendent's officfe, not the bureaucrat's 
office, hot the mathematician's office, and hot the speaker's platform. 

The corollary to these comments is that if the mathematics curriculum 
changes as proposed through the 1980 *s, the heed for competent mathematics _ 
teachers will become more desperate. More teachers will be needed, they will 
need pore and better training will heed 

advanced training and, perhaps, retraining. In shprt, what is now a serious 
shortage may soon become critical. 

How the Curriculum Has Been Seen 

Mathematics has traditionally played a key role in deciding who would be 
allowed to continue in the educational system and obtain the benefits society # 
offers the educated. .Even before mathematics was identified as the "critical 
filter** (Sells, 1976) in determining entry into college majors leading to 
scientific and technical professions, achievement in mathematics had been well 
established as an indicator of fitness for higher education. In countries 
such as France and Israel, mathematics maintains its status as the gatekeeper 
to higher education. Here in th e _U Q it?d States, **?_1-fi? ??? !>? i??? * 
prominent, but it still shows up in entrance requirements for college. For 
example, half of the Scholastic Aptitude Test is devoted to the assessment of 
mathematical abilities that candidates have developed during their school 
years. 

At least in part because mathematics is seen as a necessary evil by most 
students, and perhaps by many teachers, mathematics classes have a sameness 

?????_f?? ^f.?^?^??* ?f?f^f* a _? e f*?? to bf accepted as an inevitable 

accompaniment to the mathematics experience in school. As an observer noted 
in a case study of a U.S. public high school in 1976: 
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ent about math classes is that they were 
was perceived as being more fun. . .1 got the 
students looked forward to science but no 
ok forward to math. (Quoted in Fey, 



_ School ma 
mathematics 
offers many al 
estimation, c| 
demonstrate 
statistics, 
probability^* 
(and perhaps 
terms of the abil^ 
numbers , fractions , 



is two faces. To the mathera tics educator and to many 

{3ect is challenging and potentially exciting. It 

)blem solving, pattern finding, exploration, proof, 
> applications to other fields, and opportunities to 
fd to develop intuition. It has many parts, including 
pme tries, algebra, number theory, combinatorics, 
tie tic. To other educators and to the general public 
teachers of mathematics), school mathematics is >iewed in 
to perform paper-and-pencil computations with whole 
and decimals, plus some skill in manipulating algebraic 
®?P?®??*9P? an ^_?? m ?_^5 0 *l®^8^ 0 ^ *l^* 1 ip*xy concepts of geometry and 
measurement. Many people might define the mathematics curriculum that way^-it 
expresses what they think any high school graduate should know of mathematics. 
Such a definition, however* misses much of what the school mathematics 
curriculum might be. 

The Te a ch e r's Role in Curriculum C hange 



When people discuss the failure of various curriculum development pro jects 
to have made much- of an impact on mathematics teaching, they may point out 
that the teacher. is constrained by various. conditions that put limits on 
change. They seldonr-^in this country, at least— talk about enlisting the 
teacher in curriculum development. 

__^ Itt ? r ^P? n _ nl ?^§ em ??^??_*^ a 9?^9 r ?_ t: ® n ^ *° disparage grassroots efforts^ to ~ 
improve the school mathematics curriculum^ One hears scornful comments about 
"reinventing the wheels" or* as someone has said, "reinventing the flat 
tire." Instead, Instructional theorists and curriculum developers tend to 
look for some way to get around the teacher and to provide an instructional 
package that does it all: a teach e r- proof curriculum. 



It is disturbing that educational theorists have promoted this view, and 
even more disturbing that so many mathematics teachers have eagerly accepted 
it. The teacher^prbof curriculum idea is^ after all* built on the notion that 
the main thing wrong with current approaches is the presence of a teacher to 
misunderstand, distort, and subvert the Instructional process. 



have teachers accepted the idea that they are incapable of taking part 
in the curriculum development process? Lortie £19755 has argued that the 
system for recruiting entrants into the profession tends to select people who 
are ^conservatively inclined and who are unlikely to be interested in investing 
the effort needed to change the circumstances of teaching. Teachers tend to 

1st change, in tor tie's view, because of who they are and how they have 
been recruited into teaching. 
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But does that explain teachers f reluctance to participate in curriculum 
change?. Let us examine the prevailing myths about the teacher f s role in 
curriculum development in three different countries: Sweden, England, and the 
United States. To call these conceptions "myths'* is not to put them down or 
to say they have no basis in fact. It is rather to emphasize the function of 
these conceptions, whether or not they correspond to reality * in guiding 
people f s actions. 

Sweden has a highly centralized system of education, and the Swedish myth 
is that the government should set the framework for curriculum development, as 
for other educational matters, teachers In Sweden actually welcome the active 
role of the central, government. in taking the initiative in educational 
innovation (Dalin, 1973* p. 245), The politicians set the broad alms for 
education in Sweden, and it seems reasonable to most educators there that the 
central administration, with its greater resources for research and 
development, should have the responsibility for directing reform. 
Consequently, it would be unthinkable for a teacher or group of teachers in 
Sweden to initiate any innovation that did not conform to the nationally 
prescribed curriculum. This is not to say that local initiatives have not 
been successfully attempted of that all teachers accept central direction 
passively, but only that the myth of teacher deference to central decisions 
guides Swedish educational thinking. 

England has a dif f erent educational tradition and a different myth. The 
English subscribe to the myth that the teacher is responsible for determining 
the curriculum. As Maclure (1972) has noted: 

[This is a myth] in the sense that it expresses great 
truths in a form which corresponds more to an idea than to 
reality* The less factually correct it may be, the more 
important it is to assert ... ifo refer to this as a myth is 
not to denigrate it. It is a crucial element in the 
English educational idea. It is the key to the 
combination of pedagogic - 9 political and administrative 
initiatives which provide the drive for curriculum reform 
in England and Wales. (p. 41) 

One can see the myth operating in the^English invention of teacher centers 
and in the major role teachers have played in most English curriculum 
development projects. The English attitude toward curriculum reform is very 
different from the American attitude. 

What is the American myth about the teacher 's* role in developing the 

curriculum? Traditionally, it has been that the local community isthe 
determiner of the curriculum. We have given considerable power to local 
school boards, feting outside the profession and for the community, to 
determine what shall be taught in school. There is merit in this approach. 

Mark Twain was not completely correct when he observed: 

In the first place God made idiots. This was for practice. 
Then He made School Boards. (DeVbtb, 1946, p. 5675 



115 

US 



Local boards have been given responsibility for curriculum policy, and local 
teachers are expected to work lip alternatives for board decision and work but 
. details, once policy decisions have been made* 

But the traditional myth of local determination of curriculum seems to be 
crumbling. A major reason is the mobility of our society. When parents move 
from one place to another^ they expect their children to study much the same 
mathematics in the new school that they did in the bid one. Mathematics, 
people believe, is a subject with a strong partial ordering, if hot a linear 
ordering. If you miss out on some mathematics in the sequence, you will never 
catch up— now there is a myth we ail understand. Our system of Carnegie 
units, bur national. tests for college admissions, our textbook publishers 
seeking national sales—all conspire to make the school mathematics curriculum 
a bland concoction, relatively uniform across communities and highly resistant 
to r'lange. Add to this the growing desire to State departments of education 
to ensure minimum standards, and one has the local school— and the teacher™ 
caught in a web of constraint. 

Curriculum development projects in the United States over the past two 
decades have helped to break down the myth of home rule in curriculum, the 
idea that children differ, so much in abilities and heeds from place to place 
that only the local schools know them well enough to devise an appropriate 
curriculum for them. As Ovsiew (1973) noted, the curriculum development 
projects of the 1950 9 s and 1960*8 proceeded on the basis of a completely 
different assumption; namely: 

[that it would be worthwhile to spend] millions of 
dollars, using the very finest scholars, and paying for 
research , j f iel<LJEes t an d development to create curricula 

rather than^spend. huudreds_JL^ teachers to 

_ make curricula to be used in one school district , (p. 530} 



Lcuxa 



The sentiment is familiar, and one accepts it: Who could be against 
efficiency and economy in curriculum development ? Ona should realize , 
however, what this myth is saying about the teacher's role: Teachers may be 
allowed to participate in curriculum projects, but they should understand 
their place. _ they are helpers or guinea pigs, hot true collaborators. The 
teacher's role is to be a consumer of the finished curriculum that someone 
else has developed someplace else. 

How th e School M a the ma t i c s Curricu l u m Shou l d Be Seen 

Assessing the curriculum reform activities of the School Mathematics Study 
Group (SMSG)— the best known, and probably the largest, curriculum development 
of the new math era~its director, Ed Begle (1970, p. 27), argued that SMSG 
had helped to bring under control the problem of teaching better mathematics. 
Not under control, and open to research, was the problem of teaching 
mathematics better. Although Begle accurately perceived ^he challenge of the 
two problems, he was overoptimistic in his assessment. One of the clearest 
lessons of the curriculum reform efforts of the sixties and seventies was that 
although there are many barriers to curriculum innovation, pressures for 
change will always be present (Hows on et al. , 1981, chapter 1) . The process 
of curriculum change needs to be both continuous and continual. 
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A more important lesson, but one that perhaps has not been well learned, 
Is that the teacher is the focal point for any change in the school 
mathematics curriculum. 

There is one thing that distinguishes teaching from all 
other professions, except perhaps the Church~no change in < 
practice, no change in the curriculum has any meaning 
unless the teacher understands it and accepts it. this is 
a simple but fundamental truth that no curriculum builder 
can ever afford to forget. If a young doctor gives an 
injection under instruction, or if an architect as a 
member of a team designs a roof truss, the efficiency of 
the injection or the strength of the roof does not depend 
on his faith in the formula he has u~ed. With the teacher 
it does. If he does not understand the new method, or if 
he refuses to accept it other than superficially, 
instructions are of no avail. At the best, he will go on 
doing in effect what he has always done, and at the worst 
he will produce some travesty of modern teaching. (Beeby, 
1976, p. 46) 

Our contention is that the teacher must not only understand and accept 
proposals for curriculum change but that he or she also needs to be educated 
to participate in the process - f _shbtild be expected to participate, and should 
expect to participate. Part of the professional development of mathematics 
teachers, should be training and apprenticeship In curriculum work. It would 
be unrealistic to expect that all curriculum materials will be designed by 
teachers or that all teachers wiii choose to participate in designing them i 
But as many teachers as possible should be made to feel part of the process, 
and all should feel an obligation to adapt curriculum material to their 
situation. 

Curriculum development will have to coexist with 
•non-participant* teachers: but the latter will still 
. have a vital contribution to make providing they are 
familiar with the significance and the workings of 
innovation. The lessons of the reform period we have 
recently witnessed are that most attempts to enforce 
radical changes in practice nave been subject to trouble 
and distortion and then only rarely h*ve original 
intentions been realized. If innovation is to proceed, 
more satisfactorily in the future then, it is essential 
that we ensure better. understanding and acceptance by 
teachers. Consequently, one of the most significant tasks 
• for future work in the field of curriculum development is 

to broaden the base of innovation. (Howson et ai., 1981, 
p. 265) 



MATHEMATICS » TEACHING IN THE 

What Matheffiatic s^Teaching Has Been 

Wh o A re t h e Teachers ? Teaching historically has been one of the most open 
of professions, providing an avenue for talented people to raise. their status 
in society when other avenues were closed to them. Until recently, women and 
minority group members who were gifted in mathematics went into mathematics 
teaching because other opportunities were not available. That situation has 
dinged. Students entering college today find that a sound preparation in 
mathematics allows them to choose among many attractive undergraduate majors, 
^and students graduating from college today with a major in mathematics or 
computer science find inviting career opportunities competing with teaching 
for their attention, 4 

Over the past 15 years, the number of women preparing for secondary 
mathematics teaching at the University of Georgia has declined. In 1970, 
approximately 80 percent of bur prospective secondary mathematics teachers 
TOiiien. The decline in the teacher candidate population seems largely 
- at ? r ^^???^ e __?°_? ^ir^ 11 ?.^?.?^. _™*teJ:_b£ women enrolling in the program. 
The reason, we believe, is that many other career options are now open to 
women who have talent in mathematics. 
~. + ■ ** 

As we recruit young people to consider mathematics teaching as a career, 
we want to draw from the same talent pool as the fields of engineering § 
computer science, and mathematics, The demands of Snathematics teaching call 
for the same range of talent as such fields; we cannot accept the demeaning 
notion that only the less" talented are fit to teach. As mathematics 
educators* we want to tell bur story of mathematics teaching as a challenging 
and rewarding career to the whole range of students with mathematical talent. 

What- Ha s Teacher Educat i on B ee n Like? tethematics teaching has been 

approached somewhat differently in the elementary grades than in the secondary 
grades if only because elementary school teachers historically have been 
generalists educated in teachers colleges, whereas secondary school teachers 
have been, whenever possible, university graduates with the equivalent pf a 
major in mathematics plus preparation in pedagogy. Of course - % these have been 
the expectations, not necessarily the reality. 

<pri colonial America, it was an exceptional grammar school teacher who knew 
-fractions" and "the rule of three" (eajori, 1890; p. 9). The introduction of 
certification requirements in the latter. part of the nineteenth century 
substantially %icreased the amount of college training required to teach- in an 
elementary school; Tet by I960, the mathematics education of a typical 
graduate of a 4-year certification program consisted of 2 years of high school 
mathematics, one course in general mathematics, and a course in methods of 
teaching mathematics. The median number of semester hours of mathematics 
required to teach in high school was 15, and a survey of high school 
mathematics teachers in 1959 found that 7 percent had taken no college 
mathematics and only 61 percent had ctudied calculus or more advanced courses 
(Gibb et al., 1970). 
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Given only a limited amount of time in which to prepare teachers, and 
recognizing that the conditions of teaching have become much more demanding, 
mathematics educators havi_ been Increasingly concerned, w£tjh equipping the 
preservice teacher to survive the first year on the job. By arranging for the 
pre service teacher to ' get but into schools and; by providing courses that are 
aimed at the practical concerns of teaching, they quite naturally hope to make 

teacher training program as relevant as possible. Such moves have 
generally been applauded by preservice teachers, 

to orientation toward practicality in teacher education has much to 
recommend it — there is little point to a program whose graduates lack the 
skill heeded to keep order in the classroom and to manage their other 
responsibilities as teachers. One should note ^ however, thatja view is likely 
to be perpetuated in which subject matter is deaic>with in terms of concepts 
and teaching in terms of "skills." & 

The shift to a survival orientation has meant that teachers enter the 
classroom without much preparation for a career in teaching. They may be 
equipped Jto use the textbooks they are given* but they are hot equipped to 
develop curriculum uniHs of their own. They may know how to follow the 
syllabus for a geometry course, but they have not thought about alternative 
ways that geometry might be integrated into. the curriculum. 'They know about 
the content of the courses in the grades they teach § 6ut_ they are not fi%iiiar 
with—and may hot consider it their business to know about—the mathematics 
taught in other grades or ih other school subjects. In short * the^t>Sve hot 
been educated to be mathematics educators. - 

^hat Has the Teacher's Pr ofessional LifeeBeeii Like ?. It is commonplace to 
ask why the schools cannot be run like businesses or industries. They are. 
??_? a 9?» ?he false equation between educating a* child arid manufacturing ,a 
product is the source of m ? n ?_°f 9 U ? ^if f iculties in education. It has led 
too many people to conceive of teachers as educational technicians rathet'than 
as autonomous professionals or educational leaders. 

This model—coupled with textbook material that dominates how classes are 
organized, mandated assessments that lock ins true t ion into a straight jacket, 
and peers vhb bring heavy sanctions down bh the head of the J.hhbvator~has 
brought a stultifying sameness to mathematics classrooms ar\d a diminished 
sense of importance to mathematics teachers. Further, a key person ih the 
prof essional life of the teacher — the ' building principal — has too seldom been 
an instructional leader who works with teachers as colleagues. Principals, 
too, have bought the managerial model. & ' 

A key to the "image problems- that ^teaching has contended with in recent 
years— "burnout defections into other fields, vanishing ehrbliments it* 
teacher education prbgrams-«-may lie Ih the close look that every student gets 
at teaching before deciding whether to enter it as a profession. Not only has 
that close look revealed a beleagured soul, asked' to do too much and given too 
little with which to do it, but also the messages from society to the student 
have suggested that teachers may not have the /answers, and certainly do not 
have the authority, to act as they once did." • 
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Proposals to "deschool" society and to free children from oppression, 
though they may have little visible impact on how society manages its schools, 
communicate to students a diminished view of the teacher's importance. As the 
rights of students have quite properly been asserted, there has been a price 
paid in the quality of the relationship between student and teacher. As 
society, through its boards of education and State departments of education, 
has moved, to ensure that the quality of education is improved, the teacher has 
been caught in the middle: forced to give classroom time to preparation for 
and the administration of tests, compelled to fill out more paperwork, and 

increasingly that of an incompetent, powerless, poorly qualified, low-status 
person. 



Many teachers today find it difficult to maintain the sense of service and 
mission that historically has enabled teachers to put up with adverse 
circumstances of ail slorts. A series of research studies sponsored by the 
national Science Foundation provide a view of the classroom from the teacher's 
perspective (Fey, 1979a* 1979b): 

"...I've had a lot of spark taken out of me in the last 
two years. We hear administrators talking about meeting 
the needs of students — individualization. But we never 
get time off to develop these things or the financial 
support ... .I've talked to them about getting materials and 
they say that _ materials .aren't as important as the students- 
teacher relationship. But I find it very difficult to 
stand up and play Johnny Carson everyday." 

"1 always thought that the main goal of education was 
teaching kids, now I find out that the main goal is 
management." ^ 

"We need to be working with teachers, not checking on 
them^.. .Education is i generally a negative enterprise v 
toward children, toward teachers,, it is a* highly 
• structured .reward structure which emphasizes the 
negative. Those who get rewarded are those who make the 
fewest mistakes." (quoted in Fey, 1979b, pi 499) jjj 

As Harold _Tayior (1982)^ high school teffther of mathematics in California 
and a director of the National Council of Teachers of Mathematics, said last 
year in his testimony to the National Commission on Excellence in Education: 
"Teachers feel they are neither respected nor appreciated, in such a setting 
ofwustration and unhappiness, mathematics education cannot attain 
excellence" (p. 3). \" . 

What Mathematics Teaching Needs to Become 

_ di_ _ _ _ _ f 

We live in a complex, dangerous, and fascinating world. 
Science has played a role in creating the dangers, and tfne 
hopes that it will aid in creating ways of dealing with 
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these dangers. But more of these problems cannot, and 
will not, be dealt with by scientists alone. We need ail 
the help we can get, and this help has got; to come from a 
scientifically literate general public. Ignorance of 
science and technology is becoming the ultimate 
self-indulgent luxury. (Bernstein, 1982/83) 

We in the United States need a renewed commitment to the learning of 
mathematics-- »and therefore to its teaching—not because we need to "catch up" 
as a Nation with the Russians, the Japanese, and the Germans or because test 
scores have fallen and our pride is hurt, but because the quality of the 
future lives of pur citizens depends oh whether or hot they have the 
mathematical tools for thinking about problems that confront them individually 
and collectively. As we wojrk toward creating this commitment, we heed to 
recognize that no ouick-f ix "solution" to the shortage of qualified teachers 
of mathematics, however effective it might be in placing people in classrooms, 
???_???9 ra P^ i ?^ the transformation required I™ what it means to teach 
mathematics as an activity "and at career. 

The image of mathematics teaching must be changed, and the only honest 

way to do that is to change the substance as well. The transformation of 

mathematics teaching must ultimately become a cooperative effort in which all 
segments of society-- pupils , teachers, parents, administrators, school boards, 
textbook publishers, the general public, and people at all levels of govern- 
ment—work together to make teaching in general, and mathematics teaching in 
particular, a more rewarding enterprise for all concerned. 

Without an expressed national policy on education in mathematics, 
toericans work^within the^ramework of a tacit policy that views school 
mathematics largely in terms of its power to help identify and prepare 
students for positions in the labor force (Spring, 1976)^ and nbt in terms of 
its other powers and values. When the educational system does not appear to 
be functioning as it should - 9 people tend to think of solutions in manpower 
terms. Having long ago adopted a business/ industry metaphor for thinking 
about educational problems (Callahan, 1962), we are inclined to think in terms 
of "managing" change in the schools and imposing top-down structural reorgan- 
izations. But just as we may be learning some lessons in our large 
corporations about how to improve working conditions by giving workers a 
larger emotional and intellectual stake in their work, so we may need to learn 
some similar lessors for dealing with teachers and the conditions of their 
work. 

Proposals for change in education /come thick and fast these days, yet 
there seems to be no independent or qua si -independent agency to analyze their 
merit. An agency that is as free as possible from shifting political winds 
and entrenched bureaucratic obstacles is needed to conduct policy research in 
education. In examining proposals to deal with current and future shortages 
of mathematics teachers, for example, such an agency would be able to enlist 
?^ e _ co PP e ?? t ^9?__°^_ teachers J those in training, those now teaching, those 
thinking of leaving^ those who > Have left) in studying the problem, rather than 
relying on the secondhand views of experts and officials as voiced through 
committee hearings, commissioned papers, and conferences. An agency insulated 
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from the various vested interests in mathematics education, our own included, 
could study the proposals in the light of their short- and long-term effects, 
and hot simply in terms of their political feasibility. 

Recruitment and Retention , The emphasis in this discussion on the need to 
change the circumstances and conditions of school mathematics teaching in the 
United States today should in no way be interpreted as a denial of the 
importance of improving salaries in the profession. We wish to underscore our 
endorsement, of attempts to raise those salaries to a level that will attract 
and keep talented teachers. When we say that higher salaries are hot 
sufficient to solve the root problem of failing to take mathematics teaching 
seriously, we do not mean to imply that higher salaries are unnecessary. 

Whatever is done to retain or retrain mathematics teachers, the long-term 
solution to the crisis in mathematics teaching calls for a continuous supply 
of young, talented people entering the field. We view the dramatic decline in 
the number of entrants to mathematics teaching as a far more serious problem 
than any acceleration in the rate at which teacher! are leaving. Teaching has 
not been attracting enough capable young people. Lottie (1975, pp. 86-87) 
reports that the majority of male beginning teachers have no intention of 
staying in classroom teaching for their entire career and that the majority of 
women beginning teachers expect to leave the classroom within 5 years, 
although most expect to return after raising children. "In some fields the 
beginner _may start at a relatively low income but, with success move_ihto a 
series of significantly higher earning positions 9 * (Lor tie, 1975, p. 82). Such 
positions differ in status, and such occupations may be termed "staged." As 
Lortie observes, "classroom teaching is notably unstaged" (p. 82). 

One role that research might play in addressing the long-term problem of 
improving teaching is to explore the effectiveness of various ways of making 
classroom teaching more staged. A concept that had been proposed recently is 
that of_"Certif led Master Teacher"— analogous to Certified Public Accountant — 
to be awarded to teachers who have passed a rigorous examination. Not only 
are there policy implications of such a move that require systematic study 9 
but there are also opportunities for inquiry into the knowledge and skill 
possessed by the mos.t talented members of the profession, as well as the 
levels of knowledge and skill deemed important by various constituencies, to 
provide a foundation for the construction of comprehensive examinations. 

Researchers might also examine systematically various programs that appear 
to be attracting and retaining talented teachers of mathematics. What are 
factors that influence such teachers to enter and remain in the profession? 
What factors influence them to leave? What role does the school 

administration— the principal, in particular— play in retention? What role do 

a teacher's peers play in a decision to leave mathematics teaching? 

Ed ucation and Professional Development . Another issue concerning the 
iong-teri health of mathematics teaching is the nature of the training that * 
teachers receive. Some institutions are finding that, paradoxically, adding a 
fifth year to a 4-year pre service teacher education program attracts rather _^ 
than scares off bright students (Bender son, 1982) . Apparently , such students 
value a program that might offer them a higher level of preparation for 
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teaching. The challenge to mathematics educators, then; is to design programs 
that will offer a higher level of preparation. That challenge is accentuated 
by the need to anticipate in those programs how computers will change both the 
'content and the pedagogy of school mathematics. 

i - 

The preparation of teachers of mathematics requires a knowledge of both 

mathematics and pedagogy, but few people have ever been satisfied with the 
balance between the two or with the extent of either. The level of 
preparation now is probably as high as it has ever been - 9 but expectations have 
risen and so the level is perceived as being lower than it should be. In 
asking that the quality of preparation be improved, one should not make the 
mistake of pitting subject matter against pedagogy* they "are inextricably 
intertwined and should always be thought abput that way. The highly polarized 
argument that sets courses in teaching against courses in the disciplines is 
overdone on both sides" (Howe, 1982, p. 28). 

Test score evidence indicates that, on the average, education as a college 
major does not attract students of higa academic ability, it is not clear 
whether the relative deficit in academic ability is greater in mathematics 
education than in other fields of education. It would be helpful to have more 
information on programs and activities successful in recruiting 

and preparing students who are strong in mathematical abilities and commitment 
to teaching. At a recent conference on teacher education, someone suggested 
that education heed hot draw the most talented students, implying that such 
students would quickly become disenchanted with school teaching. It that what 
people want for the profession? 

In seeking to relieve a teacher shortage, policymakers and administrators 

should not make the error of assuming that everyone currently 5 teaching 
mathematics should be retained there at all costs. Oil the contrary, one means 
of demonstrating a seriousness about mathematics teaching would be "to find 
mechanisms to assist the less competent and the uncommitted to leave teaching 
for other pastures. One test of a profession's vitality is how it deals with 
dead wood. 

The Mathematics Teacher As Curriculum Developer, Researcher, and 
Ma^thema t i cian . The professional life of mathematics teachers heeds to become 
more rewarding. Again, perhaps paradoxically, that might be clone by expecting 
teachers to do more — not more paperwork or test administration, but_ expecting, 
and assisting, the mathematics teacher to be a developer of curriculum, a 
researcher, and a mathematician. 

Earlier in our discussion, we addressed the prevailing mythology in the* 
United States that teachers are not viewed, and do not view themselves, as 
curriculum developers. We were hot contending that no teachers in this 
country, are doing curriculum development work. We know of several instances 
lh which they are, but we do not know of any research on the extent and 
effects of such activities. Teacher centers of various types t offer a vehicle 
for curriculum development work, and one can envision summer institutes— - 
patterned perhaps after the National Science Foundation Institutes of two 
decades ago — in which mathematics teachers would get training and assistance 
in initiating the collaborative work needed to transform the current school 
mathematics curriculum. 
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A special need is for curriculum material to accompany and support the 
growing presence of microcomputers in mathematics classrooms. If computers 
are to be incorporated into mathematics instruction in more than a superficial 
ray, mathematics teachers will have to devise instructional material that they 
themselves can use. 

Teachers also need to become collaborators in research: 

Research in mathematics education has increasingly been 
moving out into the classroom.. This has been, in general, 
a healthy move. It would be better, however, if teachers 
were working more closely with researchers in formulating 
their problems and interpreting their findings and not 
simply in helping them gather data. The teachers would 
benefit, with respect, to both their professional attitudes 
and their effectiveness, and so would the researchers. 
(Kilpa trick, 1981, p. 27) 

Just as important, the teacher needs to be a mathematician: 

Too few teachers are members of the mathematical 
community, even in the definable sense of being members of 
professional associations of mathematicians. .. .It is 
^Ist^BBitS hPF ^ny [teachers] say, "Of course, I- am not 
B J^theinstician.*" It is surely not reasonable to teach 
swimming and not be a swimmer, or a language and not be 
able to speak it. Why then is it reasonable to teach 
mathematics and hot be a mathematician? (Fletcher, 1975* 
p. 212) 

_???t^er argues that the coming of the computer has changed the 
mathematics _commuuity so that it is no longer composed primarily of teachers 
and that schoolteachers need to 'be acquainted with how other mathematicians 
today use mathematics* He cites programs "in England in which teachers visit 
industries* industrialists visit schools * pupils get experience in factories* 
and teachers in traiuing work as mathematicians in industry. We need in this 
country some serious investigations into how mathematics teachers might be 
brought~say, as a summer employment experience — into places where they can 
see mathematics being used and use it themselves ^ 

The Conditions of Mathematics Teaching . Teacher* curriculum developer* 
researcher, mathematician— how can one reasonably expect the already 
overburdened and dispirited mathematics teacher to take on additional burdens 
and responsibilities, professionally challenging though they might be? The 
fBfc* °? e cannot as long as the conditions of mathematics teaching 

remain as they tte. That is what we mean by taking mathematics teaching 
seriously. If one does that* then one must* above all* work to change the 
conditions and the circumstances of mathematics teaching today. 
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If society were to take seriously. the job of teaching in 
the lower schools arid! particularly, if teachers were to 
be encouraged to inquire into the substance of what they 
are teaching, or into the nature of students with whom 
they work, or into the learning process itself, it is 
apparent that a teaching load of more than twelve to 

we sanction teaching loads as burdensome as those which 
ordinarily prevail, our ingenuous talk of improving 
instruction will retain a faint touch of insincerity* No 
one , hot even the most dedicated and brilliant , can 
effectively individualize instruction, systematically 
analyze his own teaching, diagnose, learning difficulties, 
arid maintain a vigorous pedagogical and substantive 

scholarship on a spare-time basis. (Schaefer, 1967, p. 61) 

> 

providing aides' to handle the routine management tasks that have come to 
dominate much of the teacher's time, if the country had a national service 
obligation on the part of its youth, service in education might be an 
alternative to service in the military, the health services, or conservation. 
The national service obligation might also provide an opportunity to recruit 
young people into teaching as a career. 

In the final analysis f people are attracted to and stay in teachifig 
because of a vision they have of what teaching is and might be. Mathematics 
teaching today has become something other than what it was a generation ago, 
and it no longer looks .inviting to enough talented people. All of_us_bear 

?™?_? e ?PP? s ^^^??Z f? r _^ av ^?? ? a( * e _ , ? at: ^ e ? a ?^ c ?_ t:e ??^?? a _i??? ??* :i:a ? t: * v ?_ 
career than it used to be, and all of us need to work to change that situation. 



ERIC 



125 



OS I 



1^8 



REFERENCES 



Beeby, C.B. Curriculum planning. In A.G. Howson (Ed.), 
curriculum , London: Heiuemann Educational, 1970. 

P r e, E.G. Research and evaluation iri mathematics education. In School 
Mathematics Study Group, Report of a conf erence on responsibilities for 
school jna them a tic s in the~7 flla . Stanford, California: 1970. 

Henderson^ A. Teacher competence (Focus . Nbi 10) i Princeton, NJ: 
Educational Testing Service, 1982. 

Bernstein, J. Educating the non-scientist. American Scholar , Winter 1982/83* 
7-12. 



Cajbri, Fi the teaching and history of 

Washington* D.C.: U.S. Government Printing Office, 1890. 



Callahan, R.E. Education and the cult of efficiency . Chicago: University of 
Chicago Press, 1962. 

Carpenter, ^T. P. , Corbitt, M.K. , Kepnet, H.S., Jr. , Lindquist, M.M., & 

Reys, R.E. Results from the Second Mathematics Assessment of the N fl t1^n*1 
Assessment of Educational Progress . Reston, Virginia: National Council 
- of Teachers of Mathematics, 1981. 



Daiin, P. C a se stu d ies of 



ition: — IV. — Strfi 



Paris: Organization for Economic Co-operation 



and Development, 1973. 
DeVbtb* B. (Ed.). The portable Mark Twain . New York: piking Press, 1946. 

1982-83. 



Editorial Projects in Education. The A m eri c an edu c ation deskbo ok 

Washington, D.C-: 1982. 

Fey, J.T. Mathematics teaching today: Perspectives from three national 
surveys. Arithmetic Teacher - % 1979a s 27(2) - 9 10-14. 

Fey, J.T. Mathematics teaching today: Perspectives from three national 
surveys. Mathematics teacher , 1979a, 12, 490-504. 

Fletcher, T.J. Is the teacher of mathematics a mathematician or not? 
Schriftenreihe des IDM , 1975 * 6* 203-218. 

Gazzetta, V. Regents initiatives. In State University of New York at Albany, 
Department of Teacher Education, Proceed i ng s of th e sympo s iu m on th e 



teachers . Albany: State University of New York at Albany, Institute for 
School Development, 1982. 



126 



129 



Gibb, E.G., Karnes, H.T. t ° & Wren, F.L. The education of teachers of 

mathematics. In National Council of Teachers of Mathematics, A history of 
m a the ma tic s education in the Unit ea^-Sta-t-es and Canada (32nd Yearbook of 
the NCTM) . Washington, D.C.: 1970; 

Ginh,_L. Letter to the editor. Athens (Georgia) Bann er- H erald, 6 January 
1983* 6. . 

Howe* H_. - 9 II. .Improving teaching:. Solutions close to the classroom. 
College Board Review , Fall 1982 * 12-15; 28-29. 

Howson, G. , Keitel, C. , 5 Kilpatrick, J. Curriculum development in 
mathematic a . Cambridge: Cambridge University Press* 1981. 

Kilpatrick, J, The reasonable ineffectiveness of research in mathematics 
education. For the L ea rning of Mathematics , 1981, 2 (2), 22-29. 

tortie, D.C Schoolteacher: A sociological study , Chicago: University of 
Chicago Press, 1975. 

Maclure* S. Styles of curriculum development . Parirs: Organization for 
Economic Co-operation and Development, 1972. 

National AcaHemy of Sciences S National Academy of Engineering.'* Science and 
mathematics in the schools: Report of a convocation . Washington, D.C: 
National Academy Press, 1982. 

National Advisory Committee on Mathematical Education. Overview and analysis 
of sc hool m a the ma tics j grades K- 1 2 . Washington, D.C: Conference Board 
of the Mathematical Sciences, 1975. 

National Council of Teachers of Mathematics, _ An agenda for action: 

Recommendations for school mathematics of the 1980s . Res ton, Virginia: 

1980. ; 

National Committee on Mathematical Requirements; The reorganization of 

m a them a ti cs in se cond a ry e duc a tion . Mathematical Association of America, 
1923. 

Ovsiew, L. Research for Better Schools, Inc. (R3S), United States. In Case 
studies of educational innovation: I. At the central level . Pari s : 
Organization for Economic Co-operation and Development, 1973. 

Schaefer, R,J, The school as a center of inquiry , New York: Harper 5 Rbw^ 
1967. 

Sells, L.W. The mathematics filter and the education of wo men an d minorities . 
Paper presented at the meeting of the American Association for the 
Advancement of Science, Boston, February 1976. 



127 



130 



Spring, J. The sorting ma c hine; N a t i on a l e d ucational p o licy s ince 19 4 5 . 
New York: McKay, 1976, 

Taylor, H.D. Testimony presented to the National Commission on Excellence in 
Education. Unpublished manuscript, 11 March 1982. (Available, from 
National Council of Teachers of Mathematics, 1906 Association Drive, 
Reston; Virginia 22091). 



V 

: 128 



m 



ERIC 



.DISCUSSION OF_ 



MATHEMATICS EDUCATION 

Antoine Garibaldi, Associate Professor and 
Chairman of the Department of Education, 
Xavier University of Louisiana 



In "Taking Mathematics Teaching Seriously ,'\ Jeremy Kilpa trick and Jim 
Wilson have carefully reviewed some of the complex issues surrounding the 
shortage of mathematics teachers in "this country and discussed several of the 
more popular proposals for the solution of this problem. In addition, they 
^Y?_?A V ^5 ?9? e _81>ecial attention to the nature of the school mathematics 
curriculum and how this curriculum might be amended to meet the demands of 
today* s technological society. 

Given my current position as a department head, 2 would like to address 
my remarks chiefly to how wo recruit more mathematics teachers and comment 
briefly on the more popular suggestions for alleviating the shortage. 

Many believe that higher salaries might attract more mathematics and 
science N teachers to the teaching profession immediately. The thought is a 
good one, to the extent that the mathematics or science graduate commands a 
much better starting salary if he or she decides to work in business or 
industry. But school systems cannot possibly compete with the .private 

?99?9 r i_ ??^ t * I ???9™jL ^^???? n ^?5 P??. 8 ?* 1 ???^ 68 .^^.???? 3 ^?. 8 ?^ 01 ^^ of the 
teaching population will encounter considerable resistance from unions as well 
as from teachers who are not certified in shortage areas but will have been 
teaching for a much longer" time than most who are; 

Even assuming there are no major obstacles to this proposal for 

differential pay, however, it would appear preferable to focus on an even more 
important issue, and that is the issue ef the quality of the teachers. 



cr ^?^9??_ to _ an y_PF9f???^°?i_ Bn §_?* l ?_Y??7* 9^ lowering 
standards to fill shortages—or distributing additional resources and benefits 
to fill the need — is totally unacceptable. Tfte problem lies in the faulty 
assumption that raising the salaries of mathematics and science teachers will 
automatically provide a cadre of talented teachers— -teachers as committed to 
their students as the elementary teacher who has taught for 10 years and still 
makes a smaller salary than a beginning mathematics or science secondary 
teacher. v 

_?l .differential P^9y^^^^9_?? l ^l 1 ® n ^ t: 4- C8 _ 9 r _ 8C * eI1 ?* 5 _ teachers^ school 
systems will have to ensure that the individuals who take those jobs are fully 
qualified and fully dedicated to their Kprk * Schools Will also have to be as 
exacting as industry when it comes to quality, shortage or no, if they are to 
maintain f the necessary standards of teaching excellence; 
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the issues of quality also bear on the proposal to award forgiveable 
allowances to preservice mathematics and science teachers. School systems, 
Federal and State departments of education, and colleges of education need :;o 
be sure that they are attracting highly qualified men_ and women because they 
want to be teachers and not because of the financial benefits that will accrue. 

Screening out Individuals who are not well intent ioned is very difficult, 
as we all know* but mediocrity, I believe, will be the consequence if we do 
hot. We want and must insist on highly able and committed teachers, even at 
the risk of allowing the shortage to continue for a few more years. 

It is my belief A too A that we should be wary of giving emergency 

certificates in large numbers. For the sake of the mathematics and science 

profession, the teaching profession, and also the students who are taught, the 
last thing we want is marginal teachers with no more than the fundamentals of 
mathematics and science preparing college-bound students for highly technical 
t6tjB ers— iidt to mention a potentially rewarding career in teaching. Many 
^nderprepared teachers may fly back to the classroom merely to meet emergency 
certificate requirements^ not so much to be excellent mathematics or science 
teachers but merely to improve their financial situations. 

Another comment* it seems to me* is in order regarding some States which 
allow mathematics graduates who pass the National Teachers Examination (NTE) 
to be certified to teach mathematics— or science. Haying substantial training 
in mathematics and being able to pass the NTE does not mean that an individual 
***** ? ?? a ? h ??» f? m ?_ r ®9?^? e ?????_?bould be established for these 

and participation in classrooms, and possibly even some student teaching. If 
bur intent is to elevate a profession that is currently not taken seriously, 
we should demand ho less of this category of teacher candidates. 

Finally, we cannot treat the problem of mathematics and science teacher 
shortage in isolation. The entire t ea ching pro fes sion is affected by 
declining enrollments. I think Jeremy's analogy— I call it the Indiana Jones 
analogy* with the teacher in the bottom of the pit, and constantly being 
pointed at, told what to do, and still paid a marginal and meager salary— is 
on target. And if I were to take that one step further, I would talk about 
business and industry as bein? the "Raiders of the test Ark* who seem to 5e 
sweeping up all of the good mathematics and science teachers who are out there. 

In "1969, 35 percent of college students were interested in teaching. In 

1979 the figure had dropped to 10 percent. I think the figure now is some- 
where between 3 to 5 percent. Between 1975 and 1977, the number of graduates 
qualified to teach fell from 243,000 to 190,000— -a drop of almost 22 percent. 
*? < *_?*Y? U _*'? ! c ?9! ? _?l I ? t _?9?_?l?_9^ ?he students who ? r ?drate in education elect 
to enter the teaching profession, it appears we will need to produce an even 
larger pool of qualified and certifiable teachers to make up the deficit. 
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Teacher education needs an image facelift which will have to be 
accomplished by teachers, the general public, and the press as well. 
Education will not be improved by constant criticisms of teaching quality and 
by waving low achievement scores on the front pages of local newspapers. When 
education gets the support and respect it needs and deserves, we are more 
likely to get a better system of education, and a teaching profession that 
more young people will seriously consider as ,a career. 



As a final note, I would like to suggest as an element of the solution the 
creation of a Master of Arts in teaching for those mathematics or science 
students who go through the straight discipline program. It seems certain 
that this would serve to increase the pool of certifiable mathematics and 
science teachers. At the same time, I think that school systems will have to 
be able to offer such students something worth working very hard at for the 
additional year beyond their basic college coursework. 

eo-Director of the Institute for Research on Teaching, 
Michigan State University 



I think Jeremy and Jim are right in their approach in the sense that the 
teacher shortage really has to be viewed as just one piece of a much larger 
concern for the quality of instruction in high school mathematics, and also a 
concern f or the numbers of people and the types of people who pursue advanced 
mathematics. They cover an awful lot of ground, and that makes it easy for a 
discussant. My remarks do no t have to be comprehensive . But I want to 
mention a few things that their paper triggered in my mind; 

the first is one that Antoine touched on, too, and it may be a bit of a 
taboo in research on teaching. I think that estimating the magnitude of the 
teacher shortage on the one hand and thinking about the adequacy of proposed 
remedies on the other really requires that we have a fairly detailed 
understanding of the relationship between teacher knowledge of mathematics and 
the quality of mathematics instruction that they provide. 

I say this is a taboo because I think if_there were good studies on the 
matter, I would know them, or I would at least have heard about them, or at 
least the people that i talked to in preparation for coming to this conference 
would have known about them. But the area appears to be one that has not _ 
received a lot of empirical study* So I guess I call for that kind of study, 
but 1 do it with some reservations. 

First of all, I think the studies better be well done. Otherwise you will 

guarantee the result: There will not be any relationship between teacher 

knowledge of mathematics and the quality of the mathematics instruction that 
they provide. I cannot believe that. That is an impossibility. So I am not 
really asking whether there is _^5y_*?i?tionsMp, but t^yfr^to see if through 
some _empiricai studies we can get e better handle on what the consequences are 
of dropping some of ^ the certification requirements, for example. 
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Another thing I would lik^ to mention is that most of the certification 

requirements are stated in terms of courses completed in higher education* and 
I am not sure we have a good understanding of what the influence of those 
courses is on the amount of mathematics knowledge that the students have. So 
I guess I am also calling for research on the adequacies of stating teacher 
certification standards in terms of coursework as opposed to some other way of 
demonstrating mathematics knowledge. 

Also* it is my understanding Sat most of the certification is general. 
You are either certified or not certified to teach mathematics, and yet there 
are a lot of different kinds of mathematics that can be taught in high 
school, I wonder if there are places in the. country that have experimented 
w *?k ?!??_? 0 ?*??_P*_?? r j : _i*icatidn for particular subareas of mathematics and 
what their experience would suggest about a more widespread practice of this 
type. It nay even be that if there were certification for subareas of 
mathematics, that would ease some of the burden of a shortage, since, though I 
am not certain of it* I would think that training to become all things in 
mathematics would be more demanding than becoming competent in some specialty. 

In addition to synthesizing arid expanding research on relationships among 

teacher knowledge of mathematics, pedagogy, and the quality of mathematics 
instruction^ the shortage of mathematics teachers might be better ^ understood 
through comparative research across countries, occupations, and subject matter 
areas. One might ask, for example, If there are similar shortages of 
mathematics teachers in other industrialized countries, the United Kingdom for 

?kere are, are the apparent reasons for the. shortages 
comparable to those in the United States? And what, if anything, is being 

attempted to remedy them? Also, are there industrialized countries which do 

not have a shortage? Perhaps Japani And if there are such countries, how 
might their situation shed light oh the causes and prospective solutions of 
the United States' problem. 

faking another tack , to what extent are other occupations requiring people 

with mathematics knowledge experiencing a shortage of trained personnel? To 
the extent that the degree of shortage varies across occupations needing 
similarly trained people, it may be possible to devise better iemedies for the 
teacher shortage based oh such information. 'What characteristics, for 
example, typify occupations with adequate supplies of mathematically trained 
people? 

Looking at other subjectOatter areas, are there things about high school 
mathematics teaching that make it less attractive than teaching other subject 
matter areas? If so, what are they? 

Whiie_ there is a shortage of teachers for mathematics and a handful ^of 

9?her areas, there are in general more than enough teachers. What explains 
the profile of shortages and surpluses across teaching areas? For example, 
Jeremy and Jim cite the women's movement as a possible part ial explanation of 
the mathematics teacher shortage, and point out that the percent of prospective 
secondary mathematics teachers who are women has dropped in their university 
from 80 to 50 percent since 1970. But is this a differential effect bh 
mathematics? And, if so, why? * 
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According to a recent NSF report, 68 percent of high school mathematics 
teachers are male. While the number of people preparing to teach mathematics 
has dropped dramatically in the past decade, the decline Jn numbfers has been 
less dramatic for women. In fact, niflonally the percentage of women ' 
completing training has risen from 53 to 59 percent since 1972. 



\ 



Other data from that same NSF report portray mathematics fce&ching in a \ 

relatively positive light. Mathematics is identified by the public as a • 
subject most^fessentiai for all high school students. Be have heard that - 
before . todag. Mathematics teachers report fewer problems in support of their 
teaching ; than do teachers of either social studies or science. The percentage 
of high school teachers whose primary assignment is mathematics has actually 
risen from 11 to 18 percent since 1961. At least these limited data do hot • 
support the view that the teaching of mathematics is uniquely unattractive by * * 
comparison to other subjects. 

Jeremy and Jim call for society and the educational community to takfe the 
teaching of mathematics seriously, but to what extent is the teaching of 
mathematics taken less seriously than the teaching of any other subject? A 
more careful look at this possibility seems in order, - r 

I will skip comments on the notion of raising teachers' salaries except 
to say that I think that would be wonderful. If it can only be done 'for - 
mathematics teachers* so be it* but if you could do it for all the teachers, 
that would be even better. 

Under the rubric of curriculum reform, however * the shortage of high >* 
school ^thematics teachers is only one piece of a larger problem. The 
quality of mathematics instruction using existing teachers* and the numbers 
? n ^_?yP es ?f_ students who take advanced mathematics* are two other related 
pieces. Improving the quality of high school mathematics instruction and > 
increasing the numbers of students taking ma thematics, especially minorities 
and women* would benefit society generally and might ultimately solve the * 
teacher shortage problem outright i 

Jeremy. and Jim focused on solutions at the high school level, giving 
considerable attention to curriculum reform and to teacher training and 
recruitment. Their discussion raises a host bf interesting research questions. 

.For example, they advocate curriculum reform using the NCTM "Agenda for 
Action" in the _198p's» which emphasizes problemsolving and applications. I 
think this is an excellent document, and I highly recommend it. But it is a 
national agenda, and Jeremy and Jim state thar, one, the school board should 
have ultimate responsibility for the curriculum \ two, the arena for action is 
in the classroom; and three, teachers should have greater autonomy' and be more 
involved in curriculum development. 

- * •_ - 

These statements suggest a certain ambivalence about the determinants of 
school curriculum, an ambivalence which is undoubtedly based on past 
experience w^th mathematics reform. They lead me to ask what the factors are 
that influence high school mathematics teachers* content decisions? As a 
member of a team of researchers at the Institute for Research on Teaching at 
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Michigan State,! have -been asking similar questions, but for elementary 
school teachers. For us, content decisions Include decisions about how much 
v time to spend on mathematics, what topics to teach, to w}jat students, and to 

- what standards of achievement. * 

- , - <♦ • » » ■ ■ _ _■_ - - 

In contrast to Jeremy,, and Jim's reports of teacher resistance we have been 
surprised to find that even relatively weak school policies concerning 
mathematics content can have a marked 'influence on what is taught. We 
consider sjich school policies as- testing, curriculum objectives, grouping and 
promotion practices, textbook adoptions, and professional development. 

• . - ' - - 

In judging the strength of a policy, we draw on sociological theory. 
.Thus, we J consider the use of rewards' and sanctions to give a policy power and 
attempts "^to make a policy. authoritative through the use of norms, legal 
off lei, expertise, and support o£ .charismatic leaders. 

__ * ■ - _ _ _ * 

- Across several studies, we find elementary school teachers reluctant to 

tske the responsibility for making mathematics content decisions* 
Nevertheless, they are more oftfen than not; forced to make these decisions, 
either because of a lack of authoritative advice from the school hierarchy, or 
because of conflicting school policies that demand resolution at the classroom 
level. These findings haVe caused us to cast the elementary school teacher as 
a political broker in deciding the content of instruction^ sensitive i to the - 
messages of content received but operating from their own conceptions of what 
is appropriate for their students. - 

Put another way, ouro research brings into question the claims of teacher 
autonomy ma^e'by the second-grade teacher quoted by Jeremy i_ ^l™????*?. 8 ?* 100 ! 
% teachers do not seem to want total auto no my In deciding what mathematics to 
teach. Thay^ may, ^ however, value autonomy more^highly in deciding on the 
* , strategies they will use in delivering that content. 

Similar research for fiigiT school mathematics would v seem useful, although 
our results are clearly not directly transferable; • Fbr example, high school 
students have greater control over what subjects ttey wtji study. At j&e 
elementary level, these decisions are largely determined by the teacher. 
Also, high school teachers are for the most part subject matter, specialists, 
while elementary school teachers are not. These and other factors may make 
high school teachers feel more strongly about controlling the curriculum. 

_ While Jeremy and Jim's paper covers a wealt h o f issues in curriculum - 
reform and teacher training, two areas that 0 ' deserve further attention, at 
least at this conference, are the possible contributions of advances in 
* cognitive science to improvement of mathematics instruction and the 
appropriate use of technology in the teaching of mathenatics. jtetu^ 
got a little bit more attention in the presentation than it did in the paper, 
which is appropriate. 

But let me talk about cognitive science Just for a second. Advances in 

cognitive science are providing hew insights into the nature of student 

learning and thinking. For example, in both mathematics and science, it has 
been found that students hold misconceptions about basic concepts that stand 
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in the way of their learning. Unf ortupately^ at least in the case of - ^ 
elementary school, the students 9 misconceptions are all top frequently shared 
by the teachers. When these conceptions are identified aiid directly 
challenged, howevgr, student learning has been greatly enhanced. 

I think there has been this scflism between people vho study student 
learning oh the one hand and people who worry about research on teaching on 
the other. I do believe we have got to take a look at the advances in 
cognitive science;. and in thinking about trainipg teachers in research on 
teaching. 



Finally, one possibility that concerns me is that the. problems of high 

school mathematics may have their origins in the elementary schools. During 
the first 8_years of school, ail students ^study at, least the mathematics that 

their teachers deem appropriate for them. From our research with elementary 

school teachers, we have discovered a great deal of variance in whgt students 
study within the same classroom and certainly from classroom to classroom. 

_ For far top many students, however, too little of what is emphasized 
relates to mathematics as an Important subject matter in its own right. 
Students may be learning to view mathematics as only a basic skill, with an 
emphasis on mathematics literacy and consumer mathematics. At the same time, 
we see little attempt on the part of teachers to challenge the social norm 
structures that operate to guide minorities and women away from mathematics. 

* _ 1 
During their elementary grades, student attitudes toward mathematics 

steadily decline. Still, mathematics is the single most popular subject for 

^- and 13-year-oJ.dsi ^^a.^^'? 3 ??*. 3 ^? 0 ^??. 5 ??^? 01 ^?.^ 3 ^^ 010 ^ 6 1 

positive attitude toward mathematics than do white students. However, it is 
open to question whether these attitudes extend beyond mere arithmetic to 
mathematics as a discipline. 

. By the end of eighth grade, students with their par eut 2 and their teachers 
make a decision as to whether they will go on to take advanced mathematics. 
This single decision will stay with them for probably the rest of their lives, 
with implications for^the types of colleges they can attend, the college 
majors available to thett, and _?itimateiy the _careers that they can pursue. 
Clearly it is in large part the student's achievements and attitudes from" 
elementary school mathematics upon which these decisions are based. 

Even more pronounced differences exist between college-bound majority and 
minority students, and in general I think we all agree that too few students 
take advanced mathematics. 

Thus when looking at the high schools, one might also ask about 
mathematics in the elementary schools. And here the problems are if anything 
more difficulty The teachers are^not ^mathematics specialists • As Jeremy and 
?i?_y??_^ tt _?^?^ r _P?P er »_ t ^ e _?Sortage pf Q^iifia^ Mthematics teachers in tlje 
elementary schools may be much more profound than the visible shortage in high 
schools. 
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? J? s V w ? nt *° 8 ?7 that I really en joyed studying two drafts of the paper 
by Jeremy and Jim, and I will go back and study the last one some more now. I 
am trying to arrive at an estimate of how much I agree with it and how much I 
disagree with it. 

... < : . j- : . 6 . \ - ; 

. It reminds me of a conference some time ago, about 10 years ago, in which 

Piaget was one pf the central figures, and a colleague of mine remarked to 
Piaget, rather obstreperously perhaps ; "The structures that you are studying, 
Professor Piaget, really account for less than 10 percent of the field of 
human cognition." 

And Piaget, with some umbrage, said, "How do you compute that percentage?" 

But the next d^y Piaget said in his speech, "Of _course, the structures 
which I am studying account for less than 10 percent of the field of human 
cognition "-^-with a straight face. r ' 

So I don't know how you compute that. 

It reminds me also that I am feeling very reminiscent because I met Jim 
and Jeremy when _they were working for SUBG and I^was working f or JJSCIM. tod 
these two mathematics Programs considered each oth« 'friendly rivals • I 
remember a meeting in which Ed Begle and Max Beaverman squared off in 
different corners of the room and went after each other. 

George Poled was at that meeting, and he got up afterward and said in an 
equally enigmatic. way 9 "Max, I agree with 95 percent; of what you're saying." 

tod I think that is about the right percentage, I agree with Jeremy and 
Jim about 95 percent. That is the last quantitative thing I am going to say. 

}jl would like to tell you a few anecdotes which highlight the area where _ 
there might be some disagreement and perhaps even an area that hasn't really' 
been touched on or explored yet whien we might have some agreement about. 

I do think that they are right that taking mathematics teaching seriously, 
or the failure to do that—the devaluation of mathematics teaching, and I 
would add the- devaluation of mathematics thinking by students, the notion that 
mathematics has to be taught to students and cannot be reinvented by them 
themselves— that is one of the problems, one of the myths, if you like, that 
we need to reconsider. 

Another myth I think we need to reconsider is that we can be happy with 
the curriculum that has been developed but-bf NSFprojects, fpr example. I 
think a little in the way of mathematical criticism may be needed, but there 
may also need to be some social questions asked about whether society-*-schooi 
boards, teachers, parents, and so forth— wouldn't prefer for their own reasons 
and to exercise their own prerogatives to have a somewhat different curriculum 
than that. 
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Another myth I want to touch on a little bit ±8 the role of teacher 
knowledge in teaching. To what^extent is it essential that the teacher know 
the subject that is being studied by the students at the moment? 

I would like to begin with a very brief account of something that Amy 

Grebe, one of our graduate students at Illinois , and I did • We did this work 
growing out of some videotapes which had been collected some years ago out of 
??_^??_P??J e ??i_ _*he tapes, and we discovered an interesting 

phenomenon, that in kindergarten and in second grade, where we began the 
study, we could find in most classrooms— certainly the ones that we sampled, 
and later in other classrooms — that there were individual pupils who were 
operating quite independently of the teacher in thinking through things 
mathematically. They could be called mathematical mavericks. And the 
interesting and puzzling and disturbing thing about that is that all 6f them 
were white, middle-class male children. So we called them the" pale male 
mathematics mavericks. 

And we began to wonder: What happens? Why aren't there some female 
mathematics mavericks and some minority mathematics mavericks? And we began 
to look at what happens to children in primary grades who do some independent 
thinking about mathematics , for example, who figure out how to subtract 
starting on the left instead of the right the way the teacher tells them, or 
whatever, that is a classic. 

We began tb_ discover what happened to them, and the teachers began to 
explain to us that they were convinced that the most creative work in 
mathematics by students later on in elementary school came from those who had 
thoroughly mastered the algorithms in the beginning grades— -how to add, 
subtract, and so _forth— -and that they knew it was expected by National social 

some help and brought up to^standard, to minimal competency, But if there is 

a boy who is outside of those targeted groups, and he seems to be doing aii 
right, well t everybody knows he will be all right so\ we just let him go, and 
he may become an inventor or something. 

So the white middle-class boys who took that approach seemed to get away 
without the requirement of minimal competency on mathematical skills defined 
as rigid procedures which had to be memorized and carried but. 

That, you see, illustrates the point that teachers trying to carry out a 
mandate from above interpret it and apply it as they see it, locking up from : 
J^e bottom of the pit, and they may in fact _^?_ an ^?™^?^??_ t ^_^? t: ???_?9? 
which these mandates for equality of educational .opportunity were created. 

It also arises because of their own view of mathematics as something that 
is arbitrary, that has to be memorized; it cannot be invented by the child 
himself or herself. And I would certainly second the various remarks that 
have been made about trying to help teachers understand that. 

The next anecdote I would like to tell concerns a trip that jay wife and I 
made to Japan. My wife speaks Japanese; I don't. But sitting together with 
her for 4 months in a Japanese elementary school, I was able to learn a lot — 
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both of us learned a lot. This was a very fortunate location that we found. 

It was a kind of inner-city school in Tokyo . The children's parents were 
either shopkeepers or temporary employees, I don't think any of them had 
these famous tenured positions with Sony or Toyota. Some 60 or 70 percent of 
the children had some form of welfare or government support of some kind. 

There were 40 pupils per u class. But the school climate was superb. The 
teachers and the students had regular breaks, 10-minute breaks, 20-minute 
breaks, five or six breaks during the day, when everybody is let out and each 
can go and do what he wants. Teachers go get a cup of tea or coffee, and the 
children run around and go see their friends ^ and the children with 
responsibilities for other children go check up on those, and so forth— kind 
of a lovely spirit, like summer camp, was the feeling we got. 

^.^Ik?™**? 8 ^^ 8 ?? 8 * f^?? 30 * 16 ??? 3 ?? ^® 8e children 
challenging^ difficult problems to work .on. My. wife, Elizabeth, and I tavited 
some friends from the University of Tokyo to come and see this and interpret 
it for us, and they all said to the teacher , "Why don't you give them more 
help with these problems? Look, they struggled for a half-hour to try to 
figure how in the world you would use a protractor which only measures up to 
180* degrees to measure an angle which is larger than 180 degrees, _and you 
didn't tell them about the dynamic concept of an angle that gets bigger and 
bigger and bigger. Why didn f t you just show it to them or use a Japanese fan?** 

The teacher said, "That would make it top easy for them. We want 
something for them to struggle ^with because they L G eed to learn to really try 
hard and persist, and that is more important than actually seeing that 
everybody gets the idea, because tomorrow we are going to do something 
different.** 

Indeed, they 'did change. They went very slowly and gave lots of time and 
encouragement and let children teach each either. Forty children in a class 
?^? n t four to seven children in a group • And in a group they worked • These 
are heterogeneous groups. There's a bright child in every one. 

So the children are teaching each other, and the teacher is a master of 
ceremonies. And the teacher may have been a mathematics major in college or 
may not-- may have been a home economics major or something else. But the 
teacher never gave them very much in the way of mathematical instruction. 
Instead, the teachers taught the children how to behave, how to participate in 
B BFPHP.^BCttSsion, how to share ideas and listen as weH as speak, how not to 
dominate the discussion, how to take turns— -all of these tilings, the teachers 
were excellent masters of ceremonies. In teaching these mathematics classes, 
they used very little of their knowledge, whatever knowledge they might have, 
of mathematics. They almost seemed, like the teacher I described, to hold it 
back and keep it away from the children and let the children struggle with it 
themselves. Testwise, these children were clearly way above levels of 
American schools we are familiar with. 

I just want to tell you one more anecdote. 
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Coming back after this kind of experience , Elizabeth and I and some 
graduate students decided we should approach American teachers. And we found 

^?_? e ?5^ er f ??_?^^?°i?_^P_???? e ^_?^?? _* n Primary school they had some 
problems in teaching mathematics and they would like to have some help. So we 
said, "Ail right, we will help you with your problems. And we have just had a 
lot of interesting ideas from Japan and other places, and we will try to bring 
these to you as resources which you can use or hot use according to the way 
you see it." ^ 

Six of these teachers were in inner-city schools in Chicago. One of them, 
a third-grade teacher, had this experience— -and I have time to give you only 
one teacher's experience. They were all different. 

this teacher said, "One of my big problems is that I*ve been teaching 
third grade for 10 years in inner-city schools in Chicago, and I have never 
had a class of third graders who came up to grade level on the problems solving 
part of the standardized test. I can get them up to grade level on 
computation and concepts - 9 but not on problemsolving • " 

So we said, "Well, lets look at that." 

_? C5 _ w ?_^ t, °is§4 P™7*9 u ?_t? s ??i and we looked at the textbook, and we 

noticed that the textbook story problems are ail at the ends of the sections 
clidt deal with computations. So they are a chance to apply — this is what 
Wilson and Kilpatrlck have described--the computation skills you have learned. 

But on the standardized tests you have a mixture. They are not all the 
samekinds of skills grouped together, so you cannot say* "Now_this is a 
multiplication section, so I'm going to multiply all of these." In that case, 
you see, you wouldn't need to read the problem. You just find the numbers and 
multiply them. The children knew that very well, and that is what they were 
doing in this teacher's classroom. 

As soon as she saw that, she said, "Oh, I see the problem. It never 
dawned on me before. What can i do about it?" 

We said, "Let's make some hew problems." 

So we got problems from Japan and problems we sort of revised from 
standardized tests and other kinds of problems, and we just kept feeding this 
teacher challenging problems. When we gave her problems that required 
division and they hadn't studied division yet, she said, "We can't use this." 

I said, "60 ahead; try it. See what they do with it." 

And they did fine. They said they multiplied, but they got the right 
answer. 

She learned one other important thing, that her planning usually called 
for doing about 8 or 10 or 12 story problems in a period, but if you let them 
discuss them, you'll only get one or two done because the children will have 
?llJ c ^5^?_°^_ldeas that you never dreraed of ^ And if you really allow that 
discussion jind allow them to teach each other and criticize each other, then 
something will happen ~. s 
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She 8 aid, "I see that's a good idea because that's what they need to be 
doing when they are talcing the standardized tests. They need to be discussing 
it themselves silently and thinking. "What is this about? Why should i 
multiply? Why should I subtract ?' 99 

In short , it seems to me that sometimes, particularly in these areas of 
the primary school cur riculum, what is needed is not so much subject-matter 
competence as some new insights about the way children can learn mathematics, 
can study mathematics. themselves; and that this does not require a radical 
* change in the curriculum because we can still, use story problems, we can still 

^hBovt^ms. Turning it around a little tile other way, the Japanese 
children invented their own algorithms. Instead of memorizing an algorithm in 
order to apply it, they tackled story problems and then invented the 
algorithms to do them. ; 



I^would offer that, for whatever it is worth! a great deal can be 

accomplished by turning things around within the curriculum that exists. 



DR. SHULMANs The kind of instruction that I hear Jack Easley calling for 
in the teaching of mathemat ics seems very different, at least at first bliish^ 
from the kind of direct instruction or active teaching that the literature of 
research on teaching seems to be calling for. And Tom Good has written many 
such studies arguing that direct instruction is the way mathematics ought to 
be taught i not the way you are suggesting. Do you two want to fight about, 
that, or does someone want to comment on why they ought to or plight not to? I 
think this is a fundamental question about how mathematics ought to be taught 
and is potentially not a trivial disagreement. 

DR. KILPATRICK: I think this is probably the key curriculum issue in 
mathematics education. The January issue of the Jounial for Research in 
Mathematics Education carries an article by Bob Gayne in which he essentially 
**8UM_that you must have automaticity of skills before you can proceed . 
further in understanding mathematics. 

That article has been received with considerable consternation by a number 
of mathematics educators, illustrating anew the kind of a split in 
perspectives that exists within the profession between those people who feel— 
and I think many classroom teachers are among this number— that you must have 
the automatic response before you can go further and those who do not. It is 
one of the reasons our curriculum looks the way it does. 

Biit I think there is a large cadre of people who would be more sympathetic 
with the point of view expressed by Jack. 

DR.^HUEMAN: At the risk of putting you on the spot, Tom Good, is_ there a 
necessary contradiction between -the work that you and Doug Grouws, among 
others, have been doing on the need for much more highly structured active 
teaching, as you call it, and the kind of teaching that Jack is proposing, and 
that Jeremy seems to maintain comes intuitively to many mathematics teachers? 
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DR. GOOD (Thomas Good, University of Missouri): I think the contradiction 
is more apparent than real when you get into the dynamics. For example, I 
would never argue that the role of the teacher would be to do the information 
processing or thinking for a student. I think that the processes that Jack 
was describing are the sorts of things you can get either through an inductive 
or a deductive approach^ whether it's ied^by student discussion or through a 
teacher, depending upon the quality of those particular pieces. 

That is - 9 I think that the teachers, through careful modelling, through 
careful demonstrations, through challenging examples, through high standards, 
through high expectations, can create a sense of curiosity and interest that 
helps students to raise questions: What are the phenomena that I am examining? 
tfhat question am I trying to address? How might I reexamine the pieces so 
that I can come up with another solution or another way of looking at it? 

_?_*b*J!* t^® 8 ? 31 ^ _^P r Patterns and solutions and the view of mathematics 
as discovery and a system of looking and thinking about phenomena can be 
taught, as well as be learned through discovery and other exercises. 

I could go on and on* But in my viewj the active teaching concept is not 
simply a statement of how mathematics ought to be taught. It reflects 
empirical inquiry describing how more and less effective teachers differ in 
their behavior. 

I think a key element of that differentiation between teachers who are 
getting achievement gains and those who are not is the ability to focus upon 
meaningful conceptualization. We find r~f or example, that teachers who are 
getting achievement gains spend much more time on development, talking about 
ideas, doing mental computation, doing estimates, and doing verbal 
problemsolving - 9 than teachers who do not get achievement gains. 

Whether these things are occuring in student-led groups or because of a 
teacher in a classroom is basically irrelevant. I think that what is 
important in helping kids develop more significant, fuller conceptualization 
is placing qualitative demands on students and the way in which student 
progress is monitored and reacted to ultimately, particularly if 
misconceptions occur. 

DR. EAStEY: I think I woiad agree with that 95 percent ; 

I think what might be left but is that we have a lot of teachers in bur 
schools (who have a lot of students in their classes) who are nowhere near 
being prepared to do direct teaching, that is, to do what Tom has just 
described. But they are capable of doing it the way I described. And if that 
means that the more able students in the class are actually doing the 
teaching, so be it. 

I could give you anecdotes which convince me that this approach needs to 
be looked ati it is something that has not been tried enough to show up in 
the studies of correlations that have been worked but. 

DR. GOOD: A quick question. I really do not want to get into a polemical 
discussion because I am not really trying to advocate looking at teachers as 
being the only source of information in the classroom and the way to go, 
although I think they are an important source* 
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The question that I would raise is basically: when we have students 

teaching other students, is it not problematic Its terms of the motivation, the 
seriousness, and the interest with which they will play those roles? I think 
to be able to articulate a positive learning environment will take an 
incredible type of teacher who has the skill to communicate beliefs, norms, 
and preferences that support this type of learning. 

I would gather that in Japan there is a great deal of support from parents 
and society for the idea that mathematical learning is important, and it is 
expected the kids should participate fully in that. 

_Here, unfortunately, in many classrooms those antecedent conditions do not 
exist. I would argue that one thifig we need to consider carefully is the lack 
9? ^P?^ 6 ??^.?^?????. 3 ?^^?® 1 ??? 1 !^?-?^ it very much more problematic in bur 
society to have that sort of active inquiry among students. 

DR. EASLEY: I would say we learned a lot from the school in Japan. We 
observed and wrote up over a hundred mathematics lessons in that elementary 
school. We learned a lgt about the things that' teachers, did to overcome these 

problems. They did exist, but they kept them to a very bare minimum by such 

clever deuces as, for example, taking a general poll of the whole class when 
you have had reports from ail the groups on what they have decided to do about 
this problem, and there is a lot of difference. Then, if you discover that 
the poll does not add up to the number of children present, you seek out the 
nonvoting children and find out why they, did not vote.. The_ teacher has to be 
very alert for the psychic dropouts, as Marshall McLuhan called them. 

DR. AUSTIN: My name is ^endoi^ Austin and I'm with the Department of 
Education, i have two issues I would ii£e to address because I notice on the 
program we have quite a few colleges of education, departments ^ and so forth, 
represented. 

One of the concerns that I have _is the lack of art isolation in ?ssy_ 
institutions of higher education between the colleges and departments of 
education and the other disciplines. For example, the chemistry department, 
or the physics department. Private industry will actively go down to these 
departments and wop the graduates into their employment. What efforts have 
been made by your colleges of education to go down there and meet with those 
chemistry and _physies ma jors and so forth to try to gat them into the teaching 
profession, and perhaps following up on the second speaker's concept of a MAT 
or fifth-year program in those disciplines? 

The other' concern— one that Dr. Bell mentioned and Dr. Wilson alluded , 
to—involves the use of microcomputers in the schools. Tour State, departments 
of education and your local education agencies have gotten on the bandwagon 
and are training teachers and students in computer literacy^ How many of your 
^_t e *cher education, not your business schools, are providing future 
teachers with training to keep pace with this trend? 

.Those are the two issues that I am concerned about . 
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DR. WILSON: For the last* 9 years, as part of the training of every 
secondary teacher, we have required at least one course in instructional 

computing. Some of them are now taking three courses, a three-course sequence 

in instructional computing, and some are taking a course in programming in the 
statistics department on top of that. So there is considerable work being 
done in the area. 

Fifteen years ago when I went to the University of Georgia, and 14 years 
ago when I took over as department head, we had a very good dialogue going 
with the mathematics department. In fact, that has been a very productive 
interchange. We are hot bh their staff; they are not on our staff. 

We teach 10 courses a year oyer there-- M we" being the mathematics 
education faculty w ---and theydb things in bur department. They teach courses 
in our department occasionally, hot as often as we teach in theirs. They are 
on our committees. We serve on some of their committees. As Ihave said, a 
very productive interchange. If there is anything to be v said of bur \ , 
interaction with industry, it is that we have got too many of them coming in . 
and hiring mathematics education graduates immediately. 

We had, for example, a very good student defend her doctoral dissertation 
last week bh a Thursday, and on Monday she started work for Southern Bell. 
It's happening at all levels and for all degrees. They are looking at us 
because we have, I think, strong -mathematics backgrounds and strong inter- 
personal skills biiilt into this. 

Let me say also— in fact, I would make a flat statement — it is hot the 

responsibility ofmathematics teachers alone to deal with computer literacy, 
if at all. We want to deal with the use of the computers in teaching 
mathematics* 

In the education of prospective secondary teachers, we expect them to deal 
with a faculty member through at least one course on the problems of 
mathematics curriculum. I'm hot ehtitely happy with that, but it is a 
curriculum experience as a part of their training. 



We also have a course on mathematics methods which is field-based. By the 
time they get out of that course, they know what a school classroom looks 
like; And the faculty members like _^ip?trick who teach that course -also know 
what a school looks like, because they go out there and work in it. 

These are components of what I think is important in a program. 

DR. ALDRIDGE: As I have heard all the comments this afternoon, most of 
them have been directed toward the teacher or the student, and it seems to me 
that Joe Schwab may have been right about the corruption of education by 
psychology. Certainly we want to have good people, and the training of those 
people as individuals is\ very, very important. But the fact of the matter is 
schooling is a kind of a sociological phenomenon, and I think when Dr. Porter 
mentioned he was using some sociological variables, it buoyed me a little bit. 
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But I'm 8 till wondering about the degree to which., in ail of these 
questions that are being raised, we are considering the notion of the school 
as a unit that needs to be thought of as the setting. If curriculum is going 

improve, *f jaathematics _i s _£oi.fig to i ®P r 9 V(S t if those teachers are going to 
become involved, then certainly we need to be dealing with .the school as the 
unit. * • 

DR. KILPATRICK: Along with everything else, we tried to address that 
concern in bur paper. We did discuss it. In particular, we were interested 
in some of the recent work on principals as instructional leaders and how _ 
principals might get curriculum development work going with other kinds of 
teacher activities. 

* • 

But we are concerned with the school as a setting because obviously it's • 
the conditions > f teaching in that school that are going to impinge heavily 
upon the teacher's decision whether to stay in teaching or to leave. 

DR. WILSON: I'll make it brief • It connects with the Secretary's remarks 
this morning about the certified master teacher , and this is analogous to the 
CPA. It's one that several of us have talked about in mathematics education. 
How do we provide a mechanism for removing -or allowing people to exit from the 
profession who should be removed or allowed to leave?. I think that goes along 
with any long-term consideration of imptoving^ the profession. 

\* One other thiig. When Betty tatted tMs morrf^ ^th dismay of the charts 
which showed the opportunities for studying science and mathematics are lower 
now than they have been in the past, her comment wasr-I think it was 
inadvertent--" •• .where will bur scientists and engineers come from? 9 * 
* 

And my thought was, "Where will our science and mathematics teachers come 
\ from?" ... - ; 

; \ ' ' _ 

\ DR. SHUtMAN: Let me conclude with a couple of comments. First of all, a 
reminder. Without knowing it, all of you were newsmakers today, and that 
new^making will_ become public bn_ public television tonight at 7:30 on the 
Mactieil-Lehrer Report, which will be devoted to a discussion of the crisis in 
the shortage of mathematics and science teachers. 



Ernest Boyer and Carl Sagan and ferrel Bell will be discussing those 
matters—unfortunately, not informed by all Vae wisdom that was exchanged here 
today, but we will watch that and think of how much better they could have 
done if they had been here to hear what we had to say. 

Tomorrow we are going to make a transition from a concern with where we 
are going to f^xd people to teach, and what do we know about the teaching of 
science and matfiematics~the two major topics addressed today—to questions of 
the education of teachers for mathematics and science, and the role of teacher 
education programs in institutions in that activity. 
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In general I think much of our earlier, discussion has been dominated by a 

metaphor, if you will, of teaching as telling * and that somehow tie more you 
have to tell, the more you will be able to teach, and therefore the more kids 
will be able to learn. 

In the outstanding work that both have done, though they may not agree on 
the particulars of teaching, I think that neither Tom Good nor Jack Easley 
would view teaching as lots of telling, and better teaching as more telling. 

I think you have to conjure up what J might call the prototypical episode 
or encounter in a mathematics or science classroom. A teacher tells or 
demonstrates or explains, something to a classroom full of kids. The telling 
goes on for a little while; the blackboard is used; perhaps some models are 
used. Maybe the kids play with some manipulatives. Then the teacher proceeds 
to ask a question which ought to be answerable by a kid who understands what 
he has just been told. 

If the teacher is very lucky^ she gets a right answer. If she is 
moderately lucky, she gets a wrong answer, tod if she is as lucky as most of 
us are* she gets/ "I don't know. I really don't know," 

Now she is confronted with a dilemma. What do you do next? What doesn't 
the kid know? What isn't understood? 

Drawing upon the six courses past calculus that she has taken* she says , 
"Sure you do. Try." And the kid is adamant and says, "I don't know." 

Finally, in some desperation, she turns to another child who reliably does 
know. She responds and they move on. 

I am afraid that a lot of what goes on in classrooms has that character. 
And what I want you to be thinking about is: What are the things that have to 
be in the heads of teachers, in addition to profound. mathematical under- 
standing, and in addition to general principles of classroom management and • 
planning, that will make it possible for them to understand .what it is that 
those children do not understand and have a set of options available that go 

them the ? aiIliB _ thing oyer ag&in, usually in a louder voice, the 
way we tend to try to get through to somebody who does not speak our language 
when we are in a foreign country; % J 

This is a difficult question, but I think it may get to the heart of what ' 
we mean by improved education of teachers in mathematics and science, it may, 
if we keep that kind of image in pur minds, help us go beyond recommendations 
that simply call for more mathematics and science for mathematics and science 
teachers • 

^second thing I would ask you to think about — and it is related — has to 
do with a panel which is at the foment touring the country for the Association 
of American Medical Colleges; It is attempting to gather data as a basis for 
reformulating the medical curriculum in this country. Their preliminary 
report suggests that the problem with the medical curriculum is that medical 
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students are taught too^niuch of the wrong stuff and nothing of the stuff they 

? e ?^_?9_P r ?? t ^? e _ m ?^?^ n ?_^? t ??i^?? n ?i?_™^_^ t ^? e ^y« _^ e _??Y?lutionary 
character of this panel thus far is that they are not employing the typical 
curricular repair strategy, which is, -What do we have to add to the ' 
preparation curriculum to make it better?" 

I am optimistic about their strategy, and so I recommend it for your 
thinking for tomorrow as i well-— not simply, "What do >re have to add to tlie 
curriculum for^eachers in order^o make it better?^ but, "How might we think 
through a reformation of that curriculum in light of these prototypical 
notions of what teaching is like?" 

That would begin to solve some of the problems we have been addressing. 
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SESSIONV 

TEACHER EDUCATION: CURRENT CONDITIONS 



PREPARATION OF TEACHERS : MYTHS AND REALITIES 

Anne Flowers, Dean, School of Education, 
Georgia Southern College, 

_\ and 

President-Elect, The American Association of Colleges 
for Teacher Education 



During the past several months, W? h^ only to pick up a newspaper or 

journal to find some reference to the growing need for more and better science 
and mathematics instruction in our schools. The situation today is not unlike 
that we experienced some 25 years ago when we raced with the Soviet Union in 
attempts to explore spac<«. The major difference is tjbat we .are facing a 
crisis that to a great extent results from our Nation* s technological success. 

Advances in science, medicine, and engineering have produced the 
phenomenon of technological obsolescence; knowledge is out-of-date before it 
can be incorporated into the curriculum of our Nation's schools. Thil 
phenomenon presents challenges for school systems for a scientific and 
mathematical literacy far^diff erent from the demands of previous years. In 
the wonderland in which we live, we find ourselves very much like Alice in her 
Wonderland running just to stay in the same place. And as we have for every 
' other major crisis that has confronted our society* we are again turning to 
our educational system for a major initiative in seeking resolution to the 
problem. " 

The shortage of qualified mathematics and science teachers is identified 
by -leaders in the education and business communities and by io^al, State, and 
Federal governing bodies as a critical problem and a national concern. The 
problem is even more serious than many realize. What _confronts us if not 
merely an, under supply^ of technologically prof ici ent and knowledgeable 
teacher sl, but a dwindling supply of qualified teachers that is compounded by 
the absence of incentives to attract young people to the teaching profession. 

- _ - - * - _ J - 

A solution to the teacher supply-demand imbalance _fgr mathematics and 

science will not be found without facing the broadeif'problems challenging the 

schools, the profession, and teacher education. Relying on an issue-specific 

panacea, Ignoring the complexities and interrelationships of education in this 

country, 4111 only serve to mask serious underlying problems %hat cjy for 

resolution. Without a doubt, it is time to dispel the myths and to identify 

an( * disduss the realities of our educational system. 4 Then, and only then, can 

we move to enact appropriate reforms. 

The dilemma we face has developed over a period of years. It has been 
nourished by apathy, disinterest, and neglect by Government, schools, colleges 
and universities, the military, and our citizenry. The price we are paying is 
the failure to maintain general scientific and mathematical literacy among the 
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population at large^ It is time to face the Issue squarely, to rethink bur 
priorities, and to reconceptualize our practices. It is time £o change and 

change. And I* for one, applaud the National Institute of Education for 
providing a forum for bur deliberations. 

tiffi MYTHS- AND THE REALITIES 



The theme of this conference is "Teacher Shortage in Science and 
Matheratic^a: Myths* Realities, and Research." In addressing that theme, I 
would like to frame my remarks around eight myths commonly associated with 
teacher education, while realizing that in each myth* there is some reality 
and that in each reality, there is some myth. 



Myth: The Schools are Failing ' u • 

- . 1 " 

Reality : JRo other Nation serves so large or varied a student population 
as does this country, with more young people attending, school/* graduating from 
high school, and matriculating to postsecondary institutions. 

Lawrence Cremin (Note 1) calls the following figures "extraordinary 

statistics:" 96 percent of our i6-year-olds, 90 percent of bur 17-year-olds 
Jt^e year After compulsory school attendance ends), and 83 percent of our 18* 
yea rapids are in school. Eighty percent of bur youth graduate from high 
school, and 65 to 70 percent go on to some sort of postsecondary education*. 
In Cremin 9 s view, although these remarkable numbers are taxing our methods, 
W 08 ^ 168 !.!^ 9 ! *4?# fl cial resources, and "confidence in biir ability to 
conduct a universal school system," we are providing a remarkably successful 
education program. 

# „ 

Parallel to these "extraordinary" numbers, the schools have provided 
access for all young people in the society regardless of race, sex, or social 
class. During the 1970*8 the proportion of high school graduates among the 
black' 18- to 24-year-old population increased from 60 to 70 percent j while for 
the first time > total enrollment of females in higher education grew faster 
than that of males (Dearman and Pliski, 1982* p. 130; 133). Women in increas- 
ing numbers attended schools of law, business, dentistry, and medicine. For 
the first time, last fall's enrollment of women outnumbered men in the 
Michigan State University Medical School. 

* •»■-■* 

During the 1970 f s, the schools also helped in the assimilation of 12 
million immigrants — the largest wave of immigrants of any decade in American 
history (Hodgkinson, 1982) • . The schools played a key role in assimilating 
these people into American society at the same time that the schools were 
mains t reaming increasing numbers of handicapped children into regular 
classrooms , with a ma jori t y of all handicapped children spending fewer than 10 
hours per week in special education programs. The years between 1970 and 1980 
were also noteworthy because of the success of the schools in providing "Lau 
remedies" for bilingual children, ending sex-role : stereotyping in materials 
and textbooks, increasing the attention given to career and vocational 
education, dealing with the environmental education movement, and teaching the 
skills of active citizenship. 




Not bn^y are the schools providing educatiojfcib more and more of the 
population, but they are providing a quality ^ofed^cation that has remained 
remarkably constant across the past 10 years, despi^s^he' infusion of hew 
populations and distractions. With the exception of thi^fcholastic Aptitude 
Test (SAT) , measurable qualities of students on other examinations have shown 
remarkable consistency or slight gains, Hodgkinson points to the fact that 
there have been no significant declines in the toerican College Testing 
Program, the Preliminary Scholastic Aptitude Test, or the Graduate Record 

Examination results during that period of time. Indeed, since 1980, reading 

scores have increased significantly in several major metropolitan areas^and 
the_ president of the College Board recently announced that "the long-term 
decline in SAT scores has been halted by 1982 seniors" (Howard, 1983, p. 19). 

f h e _®yth of failing schools just does hot hold lip under the scrutiny of 
examination. The great challenge of conveying hew scientific, technological, 
and humanistic literacy during the coming decade can be met by the schools. 
And if we enact appropriate school policies, the schools will again succeed. 

Myth ; there Hfe Already Too Many teacher s 

Reality ; Throughout the 1970*8^ there was a substantial over supply of new 
teachers. However, college students have responded to the teacher surplus by 
-enrolling in other fields of study. 

9 _ . _ _ _ . . _ _ _ 

The annual supply of newly qualified teacher graduates decreased from 
314,000 in 1971: to 159,000 in 1980 A creating a situation of shortages in 
certain geographic regions and curricuiar areas (Frankei, 19 '82, pp^ 71-92) . 
the most dramatic uhdersupply has been of mathematics and science teachers. 
Recently, significant attention has been given to reductions in the number of 
potential science and mathematics teachers being prepared and their attrition 
from careers_ih education to business and industry. Between 1970 and 1980, 
there was a 77 percent decline nationwide in the number of secondary 
mathematics teachers prepared and a 65 percent decline in the number of 
secondary science teachers being trained (Hurd , Note 2). In my own State of 
Georgia, for example, only 70 prospective mathematics teachers were graduated 
from colleges and universities during the 1981-82 school year. Of these, only 
'42 took classroom positions, with a dropout rate for the first year of 34 
percent, or 14 new teachers. We anticipate that this number will continue to 
decline at a fate of 10 percent p%v annum. 

A recent study of experienced mathematics and science teachers indicated 
that nearly 30 percent, were leaving the classroom for other employment or 
intended to do so in the hear future (Rehirie^ Note 3). What is most 
disturbing, however, is the National Science Teacher Association's finding 
that younger teachers are leaving the schools at a greater rate than older 
teachers (Walton, 1982). 



Additionally^ collective bargaining agreements are taking their toll in 
that they often result in the dismissal of newly hired mathematics and science 
teachers under "last-hired, first-fired** provisions* With the average age of 
science. teachers being 41 (Klein, Note 4) — some 8 years older than the mean of 
all employed teachers — and young teachers leaving' the profession at ah 
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unprecedented rate, we are faced with an older faculty and Insufficient new 
personnel entering for replacement. We are running out of time to prepare 
replacements as these older teachers move closer to retirement; 

Dramatic reductions in numbers of students being prepared as mathematics 
and science teachers and devastating losses of young teachers to business and 
Indus try are bh^r one dimension of the problem that we face. Shortages and 
potential shortages of teachers in other disciplines are even more critical 
because State and Federal policymakers, in their 'rush to remedy perceived 
scientific and technological inadequacies, are ignoring them. 

A study by the Association of School, College and University Staffing 
revealed that significant teacher shortages exist not only in mathematics, 
chemistry, physics, earth science, and data processing, but also in industrial 
arts, agriculture, learning disabilities, bilingual education, special 
education (emotionally disturbed) , speech pa thology/audiology, and special 
education for the multiply-handicapped ( "Teacher Supply /Demand , 1982) . 
Obviously, these current shortages must be faced, but recognition must also be 
given to other approaching teacher shortages. In Florida, for example, 
foreign languages, language arts, elementary education, and special children's 
education are the next areas in which personnel vacancies are anticipated in a 
deepening shortage of qualified teachers for all areas (Teachers for Florida 
Schools , 1982). 

The shortage of qualified teachers is real, and it is becoming more v 
severe. As noted earlier, enrollments in college and university education 
programs have fallen frbm_317,254 in 1972 to 159,485 in 1980, a loss of almost 
50 percent (Graybeal, 1981). Over one-half of all States repbited unfilled 
teaching positions between 1980 and 1982 (McGuire, Note 5h 

In predicting greater teacher shortages for the late 1980* s, the National 
Education Association reports that fewer of those prepared to teach will 
actually choose to do so. (Now, some 75 percent of the education graduates 
actually, enter, teaching . ) _ In addition, many of those presently teaching ^11 
find employment outside of the field, particularly when the general oversupply 
of college graduates begins to drop in thef late 1980 f s and we experience a 
labor shortage/ job surplus condition ("Teacher Demand Has Declined, m 1982). 
the National Center for Education Statistics supports this contention with one 
set of projections that suggests that, by 1985, the supply of new teachers 
will fall short of the demand by almost 15 percent, a figure that may likely 
continue to rise into the IWO's (Frankel, 1982, pp. 71-92). 

A number of factors have contributed to the decline in enrollments in 
education. One is the teacher surplus of the early 1970* s and continuing 
public perceptions of an oversupply, coupled with the widespread belief that 
teacher education graduates are employed only in schools. These perceptions 

contribute to negative attitudes of high school students in considering 

teaching as a career* In 1981, only 3.5 percent of entering college students 
expected to become elementary^ teachers, and only 2 percent expected to teach 
on the secondary level (Guthrie and Zusman, 1982). 
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Another factor contributing to declining enrollments in teacher education 

programs is demographics. On the basis of the current high school population, 
colleges and^ universities must prepare for a decline in the number bf_ 
postsecondary students, a situation that is expected to continue, until the 
late 1990*8 when enrollments will •'once again surge" (Breneman, 1982). As a 
result , schools* colleges, and departments of education must compete with 
other university programs for a limited number of students. Were the present 
decline in teacher education enrollments paralleled by a decline in the 
birthrate, there Sight be fewer concerns for the future. The reality, 
however, is that ^the birthrate began to rise in 1978 dute to childbearing among 
post-World War II "baby bbom'V children. The consequence is an upturn in 
elementary enrollments beginning this year and, therefore, increases in 
secondary school enrollments beginning in 1989 (Guthrie and Zusman, 1982). 

declines in the number of students electing careers as mathematics 

s?*^??? 6 ??^? 17 ?! 311 ^ in some cases in other disciplines, have forced 
universities to close smaller teacher preparation programs. Only 600 of bur 
1,350 teacher preparation institutions currently graduate mathematics teachers 
(Mathematics Teacher Shortage, 1982, Note 65 i Even when a university 
recognizes the need for a_ teacher education program , it cannot implement the 
program without an initially sufficient number of students and a commitment of 
external funds. Consequently, limited number! of students who choose a 
college or university without consideration of its teacher education offerings 
will find that there is no program for them. 

One segment of the teaching force that is increasingly disturbed by these 
enrollment trends is Black educators ~. _ According to Equal Education 
Opportunity Gbmmissibn data reported by Witty (1982)^ from 1975 to 1978 the 
percentage of Blacks inischbol positions (teaching and nbn teaching 5 fell from 
12.9 to 12.3 percent.. In addition to overall enrollent reductions* Witty 
identifies a series of contributing factors:, job losses resulting from 
desegregation efforts, expanded minority employment opportunities, decline in 
the quality of elementary and secondary school education for Blacks, and 
t???* 11 ? practices for entry into education programs and for 

initial certification; 

% 

retrenchment, and expanding professional opportunities for women and 
minorities have resulted in a significant reduction in the pool of potential 
teacher candidates. Rigorous recruitment strategies must be implemented to 
bring these persons back into the profession. 

Myth: Certification Waivers Will Bring Good T e ach e rs Into -The Classroom 

Rea l ity ; The placement of unprepared individuals in classrooms through 

emergency certification is all too commonplace. In Pennsylvania last year, 

?°??_l»?P?_* r ?* vers were awarded, while in Ohio the number was at least four 
times greater. 

Awarding emergency certificates is bad education policy and ah 
inappropriate response to the shortage problem. State certification 
requirements serve the essential purpose of establishing criteria for 
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determining minimum standards of preparation for elementary and secondary 
school teachers. The requirements are designed to protect children from 
unprepared and unqualified teachers. While granting that there are teachers 
in the classroom who have met the minimum requirements for certification and 
who are not performing satisfactorily , the danger of increasing these numbers 
by waiving minimum standards is frightening. Can we afford to take that 

chance? Indeed, can we have both a commitment to educational excellence and 

encourage the placement of untrained teachers in our schools? 

According to a survey conducted last year by the National Science Teachers 
Association, 50 percent of newly employed secondary mathematics and science 
teachers were considered unqualified by their principals (Walton, 1982) . Such 
*_statistic^s unacceptable. Although bright, caring arts and science 
graduates are available, we are compelled to ask if they are qualified to 
teach. Our first question must be, have they chosen to teach because they did 
not meet the requirements for employment in their own fields of preparation? 
Then we must further inquire: Do they know about sequencing of content or 
curriculum development? Do they know about test construction or the 
interpretation of standardized tests? Do they know about learning theory or 
understand how to manage a class of 30 unique individuals who come from 
diverse backgrounds or who do not want to learn? Do they know about diagnosing 
various handicapping conditions or developing appropriate educational 
programs? Do they have a repertoire of teaching methods* instructional 
strategies, and resources to use in various situations and with different 
children? 

±f certification standards need modification because they are 
inappropriate or unworkable* it is the responsibility of State government* the 
profession* and teacher preparation institutions to review these standards and 
develop the necessary revisions. Abandoning a system designed to assure 
minimum standards in order tb accommodate a quick solution not only does not 
solve the problem, but also weakens the entire educational systems 

Myth: If We Pay Enough, We Will Get The Teachers 

Reality : Compensation for teaching is much lower than it should be, but 
simply raising salaries is no guarantee that schools can attract an adequate 
number of qualif led candidates • Although teacher candidates continue to be 
attracted to teaching for a viriety of intrinsic reasons, the significant 
decrease in the buying power of teachers* salaries during the 1970*3 made it 
imperative to address the "conditions of practice. " The problem is that 
simple adjustment in beginning teachers * salaries , particularly for teachers 
of science and mathematics, will not make those salaries competitive with 
other sectors. 

According to the National Education Association* the 1980-81 average 
starting salary for public secondary school teachers was ill* 758, In 
comparison, a graduate of a 4-year college degree program in engineering can 
earn $22,368; in accounting, $16,980; in chemistry, $19,536; and in computer 
science, $20, 364 (Guthrie and Zusman, 1982) • Although one can easily make a, 
case for teachers* drawing similar salaries, school districts simply cannot 
outbid business and industry for personnel. Matching the minimum salary 
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offered by industry would necessitate doubling most school districts' 
P?? 8 ?™?^ ^? d ?et8^ With the current administration proposing a 30 percent 
reduction in federal support for education and many States reporting 
additional cuts in State aid, it is unrealistic to expect that major 
adjustments can be implemented, particularly in economically distressed States 
and regions. 

Since school districts cannot outbid business and industry for teachers on 
the basis of salaries, it is proposed, that they join forces. Given the fact 
that the attrition of practicing teachers is a reality and fewer and fewer 
???chers are making teaching a long-term career, we are suggesting a series of 
strategies to effect needed reforms. 

Nearly 66 percent of those initially employed as teachers eventually take 
employment in other occupations. Manyjview this fact as a problem. With^ some 
imagination this situation could be turned into a genuine resource for both / 
school and prospective employers. American business and industry, and / 
education policymake s in particular, must be made aware of the importance of 
well-qualified teachers and bf_ the consequences to our communities, States, / 
and Nation of unqualified teachers. / 

__ __ ___ ___ _ __ ___ _/ 

Partnerships of schools and businesses need to be formed. Business and/ 

industry could continue their practice of hiring recent graduates of 
mathematics and science teacher education programs, ^bu£ they could then place 
?^ em _^ n _P?^y c _ 8c ^9°^ s _ d ??^5?_ t ' 1 ? #* rst: 3_to 5 years of their employment with 
?kfir company 9? °? ?_P* i:t: ~ t * 1 ! 1 ? !^i*_dur±ng_a_s±m±tar_per±od;_ ^ ur S Q S summers 
the companies could provide employment and/or support for further education. 
Various tax incentive packages can be considered to put this option, developed 
by my colleague John Sandberg of Western Michigan University * into place j 

If economic realities dictate that teachers* salaries may hot be able to 
compete with those offered by industry* a variation of the first option is to 
explore ways to provide teachers with meaningful summer employment 
opportunities. Legislation introduced last year in the House of 
Representatives and the Senate suggested a tax credit for those businesses 
providing mathematics and science teachers with summer jobs; This _concept 
could be broadened to encompass teachers in all disciplines; and rather than 
placement in just business or industry settings, colleges and universities 
might be encouraged to hire teachers. for summer assignments. Museums* think- 
tanks, libraries, and State and local governments could, with modest 
incentives, provide teachers with meaningful summer jobs. These collaborative 
efforts between business and education would not only offer teachers work 
during summer vacations,, they would also expand industry's personnel pool and 
increase teachers' contact with the practical application of skills and 
knowledge; 

Further, we must address the professional growth of classroom teachers 
through appropriate inservice activities that will contribute to both their 
subject matter knowledge and professional growth. We must' develop and deliver 
inservice programs that address both academic and professional needs. 
Incentives for States to conduct programs with school districts and 
institutions of higher education are appropriate. The National Science 
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Fomdation's model of summer institutes for elementary and secondary school 
teachers is ^viable optiotu These institutes could also provide retraining 
for those former teacher graduates who are currently not employed as teachers 
by enabling them with additional preparation to move into high school 
positions in mathematics and science. 

I urge that we consider vays of developing a support system for new 

teachers as they move from the college or oniY^^^^y ^to a classroom setting. 
Cooperative programs between institutions of higher education and school 
districts should be initiated to provide entry-year mentoring and support 
programs for first-year teachers. Teachers in all subject areas should be 
given reduced teaching loads to permit their effective development as 
beginning teachers. 

^Kfc^environment for Jtastruction should be made conducive to iearningand 
teaching. We should Provide our teachers and schools with adequate laboratory 
facilities and teaching. materials. Although 95 percent of academic time is 
spent with instructional materials, less than one cent per dollar is spent for 
textbooks and similar materials (Science and Mathematics in the Schools, Note 
7). Additionally, teachers need to be given some reprieve from the myriad of 
noninstructional duties that deplete their energy and reduce their actual 
teaching time. Clerical and laboratory assistance should be made available to 
take over such duties and free teachers to do the job for which they were 
employed. 

Many classroom conditions contribute to teacher dissatisfaction and" 
"burnout," according to Dean D. Corrigan, past president of the American 
Association of Colleges for Teacher Education (AACTE) and Dean of the College 
of Education at Texas A&M University: 

We can mandate competency tests, evaluate and screen 
candidates and prepare pur teachers with the latest 

knowledge and skill, but if we then place them in work 

situations where they cannot use this knowledge and skill 
we will merely produce more candidates for the teacher 
drop-out list. •• .The critical point is that conditions for 
professional practice do not exist widely, either 
financially or psychologically for the teacher today. Our 
e |f9?? 8 __f 8 _P?°^f?i?^l_ w teachers of teachers" w±il_#ail 
unless we can create more favorable conditions in which our 
graduates can practice their newly acquired knowledge and 
skill (Corrigan, Note 8). 



The conditions of practice significantly affect our ability to recruit and 
retain sufficient numbers of qualified teachers. We have high expectations of 

our teachers: superb academic preparation from the schools o^ arts and 

sciences, strong professional preparation and sufficient supervised 
experiences in the classroom, and .expertise in _the latest in science and 
technology. Yet, we supply out-of-date equipment and materials and pay 
education professionals far less than others with similar backgrounds and \ 
preparation. Why are we surprised whe^ these people choose not to remain in 
the classroom? \ 
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Myth: Teaching is Just a Matter off Common Sense 

Reality : Teaching is a highly complex process requiring persons of 
exceptional knowledge and skill. The myth seems based on the conventional 
idea that teaching is a simple didactic process of conveying knowledge to 
learners and that any reasonably intelligent person with proficiency or skill 
in a selected discipline or subject can be effective in accomplishing this 
objective. Unf brtunatelyj _ the belief was given added credence by selected 
researchers in the early l^O's. Their resiitts were interpreted as indicating 
that teachers made little if any difference in student learning. Today that 
®??*^?*?_™J?i t ?_*?_y"_^?™ study groups and commissions proposing that 
graduates with baccalaureate degrees i in arts and sciences be sent into 
classrooms to learn "on the job" without any professional preparation. 

The research of the past decade on teaching performance related to student 
learning has shown that different teachers can generate significant 
differences in young children's learning of the basic Skills— particularly in 
reading and mathematics. Teacher educators have been examining these basic 
differences in the research of Berliner, MacDonaid, S tailings, Gage, Brophy, 
Good, Biddle, and others and attempting to fashion appropriate professional 
preparation programs.. Smith and his colleagues in Flbridi are looking at the 
roles and functions of teacher as teacher, teacher as person, and teacher as 
professional. Each of these roles is then divided. into other, content areas. 
For example, the role of teacher as teacher is divided into the following 
categories: (1) diagnosis; (2) instructional planning; (3) instructional 
management; (4) observation; and (5) interpersonal relations. The Florida 
model assumes that candidates for teaching need to know the undergirding 
research base and be able to practice ef fectively the identified knowledge and 
behaviors ( Handbook of the Florida Performance Measurement System , 1982). 

Teaching is a complex process, and beginning teachers must have far more 
?h* n J ust common sense when they begin to practice the art '.and science of 
teaching. While teachers need to be well educated in liberal and general 
studies, AAeTE 1 s forthcoming Prof ile of Ex cell enc e for a B eginning Teacher 
also argues that all beginning teachers must demonstrate specific forms off 
knowledge: (1) knowledge of learners— their individual differences and 
special learning needs and styles of learning; (2) knowledge of teaching 
methods, including differentiated instruction and classroom management; (3) 
knowledge of resources appropriate for specific learning levels and the use of 
a ^L^e variety of teaching tools, including computer-aided instruction; £4) 
knowledge of evaluation, including the validation and interpretation of tests; 
(5) knowledge of education setting, the nature of the school as an institution, 
and the ability to work with parents; and (6) knowledge of the profession of 
teaching and the ethics that guide it. 

Professionally prepared persons should be able to sequence content and 
develop appropriate curriculums, construct tests and interpret standardized 
scores, effectively manage a class of 30 unique individuals, diagnose various 
handicapping, conditions and develop appropriate individualized programs, 
understand the laws that shape the rights of both learner and teacher, and 
possess a repertoire of instructional strategies to use in various situations 
and with different children. These tasks are_bnly some of those required in 
the most complex of human occupations — that of teaching. 
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Myth; Teacher Education Students Are Not Very Smart 



Rea l ity : Substantial publicity has been given to studies of high school 
s tudents indicating that those who are considering teaching careers have lower 
test scores and grade point averages than coilefe bound students as a group. 
From this publicity it has been generalized that ail students enrolled in 
college or university teacher education programs, 'or* furthermore* those who 
complete the programs, are substantially less academically able than students 
in other disciplines. • 

In 1982 students admitted into teqrher education programs as college 
juniors scored an average of 866 on SAT's taken 2 years previously as high 
school seniors (Accreditation Data Bank, Note 9). Although lower than the 
mean SAT scores for all students, this score is higher than SAT's reported in 
i?7? _^ c ? ^ycftip^"" 0 ©^^ students. On the ACT, also administered to high 
school seniors and used for college admission, 1982 college juniors entering 

teacher education programs scored about the mean high school score . Taken 

together, these data suggest that students planning careers in education are 
neither academically superior nor inferior to other students. 

Admission to teacher education programs is not made casually. Students 
must meet university requirements and complete a program of general studies 
with an acceptable grade-point average prior to beginning their professional 
preparation; Many universities require that potential teacher education 
students, in addition to having the academic credentials, pass entry or 
preprofessional tests prior to admission to the program (Sandefur, Note 10). 
A recent study. conducted by AACTE (Note 9) revealed that junior students 
admitted for the 1981-82 school year into a teacher education program in a 
sample of 200 ins titutions, carried a 2.8 grade point average in general 
education courses; This survey also indicated that the average 6PA of June 
1982 education graduates was 3.6, higher than minimum institutional 
requirements but consistent with GEA's of students entering the program. 
Together , grade point averages and ACT scores suggest that the abilities of 
education students entering and completing a teacher prepare program are 
equal to those of students in many other fields of study. 

this information does not ignore the fact that the pool of talented 
students who express interest in teaching as a career has diminished. 
* Schlechty and_ Vance (Note 11) have reported that the current teaching pool is 
not only smaller, but is also characterized by an absence of the large number 

of very academically _able A particularly women and Blacks. The i^ue^is not, 

??_??^ e ?^ty and ^nce correctly point out, lower standards for entry into 
teacher education programs; rather, it is a recruitment and retention 
problem. Average students are electing teaching as a career because we grant 
the profession barely average status and below-average salaries. It is 
essential that we begin to search out good people and provide incentives for 
them to enter and remain in the profession. 
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Myth? Tea c her E ducate oti^ Studetits ^pend All Their Time in Professional 



^ Educ a t i on Cour se s 



Reality ; Candidates for secondary school positions in mathematics and 
science take a highly rigorous college program— much of it in science or 
mathematics. Typically, a teacher preparation program is made up of four 
components: a solid. foundation in general education in arts and sciences 
including basic skills; advanced or specialized study in one or more academic 
subjects; professional education courses^ in methods, theories of learning, and 
foundational studies; and a student teaching experience. 

Preliminary data from an AACTE survey of some 100 schools of education 
reveal a wide range of semester hour requirements for secondary teacher 
education programs in mathematics and science (Study of Science and 
Mathematics Education Programs^ Note 12). For teacher candidates, general 
education requirements range from 37 to 61 semester hours of a typical 120-130 
semester hour program. Students specializing in mathematics education are 
required to take an average of 33 additional semester hours of specialized 
mathematics courses. Those in science education must take an average of 41 
additional hours in specialized science courses. 

In this same sample, professional education courses averaged only 25 
??™?ster houM of science education candidate's 

coursework, with student teaching consuming almost one half of these hours. 
The range of professional coursework is consistently smalier than for general 
education and academic specialization categories (Note 12;. This survey 
reported that, while all candidates are enrolled in a teaching experience, 
schools of education are requiring significant semester hours of additional 
school-based experiences. The reality is that pedagogical studies consume 
only a minor portion of the secondary mathematics and science education 
candidate's undergraduate preparation. 

To illustrate this further, the teacher education programs of three 
different institutions are depicted in Exhibits 1, 2, and 3. The institutions 
involved are typical of those preparing teachers: one is^a large land grant 
institution, another a major producer of teachers and former normal school, 
and the third is a small liberal arts college with a quality teacher education 
program. 

While one purpose in depicting programs of study for mathematics and 
science education candidates is to refute the image of students spending 
inordinate periods of time in professional programs, another ^purpose is to 
point up a problem in the preparation received; namely, in a major in 
mathematics or science, there is little in the college curriculum that can be 
directly applied to the teaching of high school algebra or biology. Indeed, 
it should be recognized that the Y^Y.^Y 3 ? 0 ?^. 8 ?^^??* ma ??? r _? r ^?^ n 8 given v 
these students may inadvertently serve as a disincentive for them to enter 
secondary classrooms. 
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Exhibit 1 

Mathematics Education Major's Requirements 
(Large Land Grant institution) 

General Studies 



I. Math-Philosophy .............. ,\ 6 hrs. 

II. Physical Sciences (required) ........ 6 hrs. 

III. Biological Sciences (required) • 6 hrs. 

IV. Foreign Languages .................... 6 hrs. 

__V. Humanities; Literature and the Arts . . . . . • • . . . . 6 hrs. 

VI. History(required) 6 firs. 

VII. Social Sciences (required) • . . . • • • • • 6 hrs. 

VIII. Behavioral Sciences ... 6 hrs. 



Special Preprof essional Studies 

(20 semester hours) \ 

Freshman English ....... • ••••••••• • . • 6 hrs. 

Communications and Humanities ................ j . 3 hrs; 

From English, Communications, Humanities, Journalism, 

Philosophy, Religion, and Speech. 

three hours must be literature. 
SP 181 Basic Public Speaking 
or 

COM 101 Introduction to Communicat ions • 3 hxa* 

BIO 110 Introduction to Human Biology and Health 
or 

HER 145 Concepts in Health and Fitness 

or _ 

NIS 101 Food and Nutrition for Man 3 hrs. 

PSY 100 Introduction to Psychology . . • 4 hrs. 

Professional Education 
(27 semester hours) 

/ 

EDP 202 Human Development and Learning . • 3 hrs. 

EDU 203 Teaching Exceptional Learner in Regular 

Classroom . . ... . • ••••••••••••••• . 3 hrs. 

EDF 301 Education in American Culture . • • • • • 3 hrs. 

EDC 344 Principles and Techniques of teaching in the 

Secondary School ............. 3 hrs. 

EDC 521 Materials and Methods in Teaching Mathematics in 

Secondary School • 13 hrs. 

EDC 356 Student Teaching in Mathematics • • • • • . • 12 hrs. 



Advanced or Specialized Study in Mathematics 

Students majoring in secondary mathematics will select one of the following 
three programs: 

Plan On e: Mathematics major of 30 hours and any minor listed. 
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Exhibit 1 (continued) 



Plan Two; Mathematics major of 30 hours and two fields of 12 hours 

each chosen from the following Support Areas: 

As trbnpmy _ Economics 
♦Biological Science^ Engineering Drawing 

Chemistry Physics 
Computer Science Statistics 
Earth Science 

Plan Three : ^^^^^8__B^or^£_30_hdUH and any combination of 24 

hours from areas related to mathematics such as (courses in 
other areas may be selected with advisor's appro val-H-— — 

Astronomy Economics 
♦Biological Science Engineering Drawing 

Chemistry Physics 
Computer Science Statistics 
Earth Science 

\ 

Major in Mathematics (36 hours) (MA 122 may not be part of 30-hours major) 
Required : 

S t 

MA 113 Calculus I 

s* 

or ° 

MA 115 Elementary Analysis I (Honors Math) 4 hrs. 

or * 
MA 11Z Differential Calculus 

MA 114 Calculus II 

or 

MA 116 Elementary Analysis II i 4 hrs, 

or 

MA 118 - Integral Calculus 

MA 2i~ Calculus III 
• or 

MA 215 Elementary Analysis III^ 4 hrs, 

br_ _ 

MA 217 Calculus of Several Variables 

MA 341 Topics in Geometry 3 hrs. 



* Biology 110 may not be used as one of the courses in the Support Area. 
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Exhibit 1 (continued) 



Strongly Recommended :. 

MA 261 ■• Introduction to Number Theory ......... 3 hrs. 

MA 262 Linear Algebra ••••••••• 3 hrs. 

MA 361 Elementary Modern Algebra I .... ; . 3 hrs. 

MA 371 Elementary Set Theory and Numbers 

System 3 hrs. 

Electives: (to be selected with the aid- of an advisor) 



MA 214 Calculus IV 3 hrs. 

or * 

MA^ 218 Calculus for Mathematics Majors IV 

MA 351 - Elementary Topology I 3 hrs). 

MA 352 Elementary Topology. II . ._ 3 hrsU 

MA 362 Elementary Modern Algebra II . _ 3 hrs. 

MA 410G Mathematics for Economics 3 hrs . 

MA 411G Models in Mathematical Biology ........ 3 hrs. 

MA 415G Graph Theory ................. 3 hrs. 

MA 441G Geometry I ................. . 3 hrs* 

MA 442G Geometry II . . • • 3 hrs. 

MA 471G Advanced Calculus I 3 hrs. 

MA 472G Advanced Calculus II __. . ........... 3 hrs. 

MA 481G Differential Equations I . .......... 3 hrs. 

MA 501 Seminar in Selected Topics 3 hrs. 
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Exhibit 2 



Science Education Major's Requirements 
(Large State College) 



In addition to general studies and requirements for the Teacher Education ' 
Program, science teacher candidates must complete the following program: 

S ci en c e Teaching Major (minimum of 51 semester hours? 

This major may be added to the Secondary Instructional License; its 

coverage is grades 9-12. Student s who elect to complete a Secbnciary Science 
License are required to t$ke three components as part of the Science Major; 
These components are genial requirements, one primary area, and one supporting 
area. The primary and supporting areas include the following: biology, 
chemistry^ earth space science, general science,: mathematics, physical 
science, and physics. ' 

Prerequisite courses forthe Science Major may be taken as part of this 
General Education category of electives. In addition to these requirements, 
students must complete a two-hour methods course in the primary area and a two- 
hour methods course in the supporting area. < 

General Requirements (12 ! semester houraX 

Any combination of the, courses listed below will fulfill this requirement 
with the stipulation that each course is selected from a different 
discipline. (Courses used to satisfy this requirement may not also be used to ;. 
satisfy requirements in the primary or supporting areas.) (SKemistry 105—3 
hrs., 105L--1 hr. or 107—4 hrs.; Geography afid Geology 111— 3Hrs. (lilL — 1 
hr. recommended) or 113 — 3 hrs. (113L — 1 hr. recommended); Life Sciences 
101—3 hrs,; 101L— 1 hr.; Physics 105—4 hrs. ox 205—5 hrs. 

Students must complete two self-paced instructional modules concerned with 
drugs and nutrition or an approved substitute. 

Primary and Supporting Areas 

Students who elect a Science Major with primary or supporting areas in 

biology (life sciences), chemistry, earth space science (geography and 
geoiogy)^ mathematics (only when physics or chemistry is a primary or 
supporting area), and physics will find these areas described under their 
respective departments. General Science and Physical Science curriculums are 
below: 

• : • Y 
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• Exhibit 2 (continued) 



General Science Primary Area (24 semester hoars? 
Required courses: 

Chemistry 106 — 3 hrs., 106L — 1 hr. ; Life Sciences 102 — 3 hrs., 102L—1 hr. 
Physics 106 — 4 hrs;; Geography and Geology 152 — 3 hrs. ; 153 — 3 hrs. or 354 — 3 
hrs.; 314 — 3 hrs. or 468— -3 hrs . or 470 — 3 hrs; Approved elective — 3 hrs. 

_ i 

General Science Supporting Area (18 semester hours? 
Required courses: 



Chemistry 106—3 hrs . , 106L— 1 hr.; Physics 106 — 4 hrs. j Life Sciences 
±02—3 hrs.i I02L— I hr.^ Geography and Geology 314—3 hrs; or 315 — 3 hrs* or 
468—3 hrs. or 470—3 hrs; Approved elective— 3 hrs; 

Students completing this primary or supporting area should elect Chemistry 
105 and Physics 105 from the general requirements. 

Phy s ic a l Science Pri ma ry Ar e a ( 2 4-j 2 8 s e m es ter hour s ) 

Required courses: 

Chemistry. 106^3 hrs. s 106L^l_hr. or 108^-4_hrs.; 321^-4 hrs. qr_ 
351—3 hrs** 351L— 1 hr. and 352— 3 hrs. , 352L— 1 hr«; Geography and Geology 
314 — 3 hrs. or 3l5 — 3 hrs.; 468 — 3 hrs. or 470 — 3 hrs.; Physics 206 — 5 hrs.; 
340—5 hrs. 

Physical Science Supporting Area (15 semester hours) 
Required courses: 

(Semistry 106—3 hrs; j I06L-~i hr.^35I—-3 firs., 35iL-^t hr.; Physics 
i06 — 4 hrs.; Geography and Geology 314 — £ hrs. or 315—3 hrs. or 468—3 hrs. 
or 470—3 hrs. 

Students completing this primary or supporting area should elect Chemistry 

105 and Physics 105 from the general requirements. 
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Exhibit 3 

Mathematics Education Major f s Requirements 
(Small Liberal Arts College) 



In addition to general studies, a teacher education majo^t 
take the following program: 



is required to 



Coarse 


Number 


Mt 


115 


Mt 


210 


Mt 


211 


Mt 


212 


Mt 


213 


Mt 


310 


Mt 


320 


Mt 


120 


or 




Mt 


370 


Mt 


371 


Mt 


401 


Mt 


402 


Ed 


316 


Ed 


417 



Semester 
Hoars 



Mt 

Mt 

Mt 

Ed 

Ps 

Ps 

SEd 

Ed 

Rd 

Ed 

Ed 



Ed 
Ed 
Ed 



160 
311 
321 
204 
221 
315 
31 
323 
318 
316 
362 



100 
200 
300 



Introduction to Computer Programming . . . .; . 
Calculus and* Analytical Geometry I , II . . 

Calculus and Analytical Geometry III, IV . 



Abstract Algebra I 
Geometry . . . . . 
Applied Statistics 



Theory of Probability and Statistics I, II 
Seminar I, II (Overview of Mathematics) 



Secondary Education (Math) 
Student Teaching: 



Note: 



In addition, students are advised to take 
the following courses: / 



4 

3^ 



Applications of Finite Mathematics 
Abs trac t Algebra St I 
Topology . • _• _•_ 
AV and General Methods 
Adolescent Psychology 
Psychology Applied to 
Nature of Exceptional Children 
Group Tests Measurements . _ i . 
Reading Instruction in Secondary Schools 
Secondary Education: \7-i2 _-. , 
Effective Classro om R eaching : Management and 
Multicultural tBGBStion 



Clinical Experiences and Human Relations 

Introduction to Education and Human Relations 
General Aiding and Human Relations 
Specific Aiding and Human\ Relations 



3 
4 
4 
4 
4 
3 
3 
3 

3 
3 
2 
2 
2 
6/8 



3 
3 

3 
2 
3 
2 
3 
2 
3 
2 



1 
1 
1 
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Should we not examine the curriculum In light of building depth for the 
subjects to be taught? it seems important^hat the academic requirements for 
secondary teachers be reviewed toward recommending more emphasis on general 
science or, mathematics courses and additional supervised classroom 
?*Psrieiice. We do not neid to prepare all of bur graduates to teach In a 
^?^* n ?? c * ™^_8^f? e ^? c Sool or to teach calculus or advanced genetics; what we 
" need are^ teachers who can Introduce jnathematical and scientific, concepts tb_ 
secondary school students and prepare them for more advanced collegiate work 
or to compete successfully for more technologically demanding jobs. 

Schools of education are prepared to cooperate with others within the 

^8^*?_^ UCJI ?^? _.??™ K ?olty; to consider the appropriate preparation of 
teachers. We would encourage the participants In this conference to recommend 
that some Federal dollars be set aside to accomplish this objective. 

_ One .option Is to provide a series of modest discretionary grants to 
schools of education to stimulate faculty within education and departments of 
mathematics and science to develop the following materials : (1) viable 
recruitment strategies? (2) new curriculum, for thi preparation of middle 
school, junior high, and senior high school science and mathematics, teachers; 
(3) accompanying instructional and /or software programs and materials; (4) 
inservlce or staff development programs for practitioners in both subject 
1 matter and teacher education; and (53 faculty development programs to 
sensitize college personnel to these problems and n^eds. This type of grant 
program — with monies targeted to deans of education and deans of arts and 
J 10 *®*?® to.b® used for cooperative programs — could achieve major reform at 
mcdast costs. 

* 

_j Many schools of education have been forced to reduce faculty Mnes in 
science and mathematics education because of low program enrollments. Failure 
to generate sufficient credit hours warrants the elimination of courses and 
entire departments. Resources are needed to preserve faculty and programs in 
areas of low enrollment and high need and to support new or innovative 
programs that may initially attract small to modest numbers of students. In 
some instances, schools of education are also confronted with Che problem of 
retaining high quality mathematics and science faculty who are now very 
marketable as industrial trainers at appreciably higher salaries. Finding 
monies to add to their salaries (for full-year employment) or to provide 
additional benefits is very difficult and may result In the continuing 
attrition of faculty in these areas of high need— -a problem not given 
sufficient attention by those concerned with this issue. 

Myth: A Single Solution Is Th e Answ e r 

Reality : Different solutions are needed for different problems. For 

instance, the solutions that address the shortages of mathematics te ach ers at 
the high school level (i.e., finding technically and pe£«g0g|caliy cometetS"^ 
teachers to teach high school calculus) are not the sameTsty thtfte-^&tf will 
alleviate the problem of inadequate mathematics education it the elementary 
level. Most of the solutions that have been posed in this and previous 
conferences have focused on the former problem (enlarged tq include the 
problem of attracting physics and chemistry teachers) and have neglected the 
problem of dealing with the shortage of qualified mathematics and science 
teachers for the elementary grades. 



Shambs (1982) reports that there are several studies that both document 
and address L the problem of unqualified or underquallf ied elementary school 
teachers. He indicates that this is a particular problem because it is in the 
elementary grades that much can be accomplished. As Shambs notes, in the 
"formative elementary school years * when minds are so receptive to new ideas, 
and before their patterns of thinking have become fixed, it should be possible 
to develop a foundation in science that will remain a permanent part of the 
individual's intellectual life" (Shamos, 1982, p. 7), 

Science education prior to the secondary school experience is critical 
because it provides the foundation for subsequent scientific understanding. 
Attention must be given to our elementary schools where boys and girls develop 

attitudes toward science, mathematics, and technology i A school's emphasis on 

mathematics and science is influenced by student and parental attitude? , as 
well as by district or State program requirements. We need to find ' >> 3 to 
reinforce positive attitudes. Mathematics is "most popular" amon£ 48 percent 
of third graders but declines to 18 percent in the 12th grade, rios. students 
indicate that they do not see any real use for mathematics in their lives. 
Science courses are even more widely disliked* and the negative attitude is 
acquired early j by the end of the third grade, almost half of the students 
have no desire for more science, and that percentage is constant through the 
12th grade (Forbes, Note 13). 

Generally* lack of interest in mathematics and science is reflected by the 
quantity of school subject offerings. Iij the elementary grades; which have 25 
hours of instruction weekly, less than 4 hours is devoted to mathematics and 
less than 1 hour to science (Forbes, Kqte 13). Consequently* the attitudes of 
today's high school students were forged over a 'decade ago. 

. The absenqe of qualified teachers at the elementary level present:* a real 
dilemma to thoss who prepare teachers: to' continue to prepare elementary 
teachers to be responsible for the total educational experiences or to prepare 
subject matter specialists for the elementary grades. Simple solutions will 
not resolve this dilemma. More creative ways are needed to help elementary 
school teachers gain competence and confidence for teaching science and 
mathematics and to support them* through appropriate means, throughout their 
careers . 

_^ c ^? 0 ^"§? s ?i_??i e ?9 e _ specialists, system-wide curriculum supervisors* 
inservice workshops, equipment purchases, an J curriculum development efforts 
are found in many school systems, but they are usually directed toward 

improving secondary school instructions The success of such approaches has 

been varied* but little attention has been given to improving science 
instruction at presecbhdary levels. While it is 'hoped tjfett some of the 
extended programs of professional preparation for elementary school teachers 
will address this problem at the preservice stage* better means of supporting 
the practicing teacher must also be found. 

J^f^ea that holds promise calls for the development of an interactive 
video capability and^the parallel development of instructional units in 
science to "transport" resources into kindergarten through sixth grade 
classrooms via the new technologies. Teams of subject matter scholars, 



165 



IBS 




practitioners, educational development specialists, and production personnel 
could develop units in science. Through their efforts and available 
technology^ teachers^ could draw on this data base to enrich programs and/or to 
provide direct instruction in concepts of science (Sandberg and Bosco, 1983). 
Such a practice could improve the ability of teachers to help elementary 
school children gain greater technological and science awareness during the 
formative years. 

Both short-term and long-term strategies must be reviewed and considered 
within the larger context of ensuring competence and excellence of teachers, 
l^telieve that the concerns that to have argue for the need for a 
comprehensive personnel development policy that would ensure that preparation 
of sufficient numbers of qualified teachers to meet current and future 

demand — a comprehensive policy that would, address recruitment into the 

profession, the quality of preparation, the nature of the classroom setting in 
which we place these teachers, the necessary support services for them, and 

retention in the profession. Wi^need ?_nationai policy to be a node! for 

addressing future personnel shortages in a rational manner. Collaborative 
Federal and State partnerships must be forged that will make the best use of 
combined resources in developing and implementing innovative responses to 
changing conditions in the profession. 

CONCLUSION 

The shortage of qualified mathematics and science teachers is critical. 
Making do *tth an/'aljjbst qualified" mathematics or science, teacher » reducing 
graduation requirements because student achievement has fallen, or introducing 
- Icores of remedial courses for college freshmen only compounds the problem. 
Shifting responsibility frqmelementary to secondary schools, from secondary 
schools to the colleges, ^from the_colieges to the teachers, from the teachers 
to the nature of their working environment is no solution. We all share the 
responsibility; now it is time to identify integrated strategies and develop 
coordinated efforts. 



SUMMARY OF PROPOSALS 




I propose that if we are to effect lasting improvements in education* we 
must engage in dialogue and research directed at f*»~ following goals. 

Develop programs and technique ^ for th e early identification of able 
students to at tract them into t e a ching . Special attention can be given to 
attracting prospective teachers to areas of shortage and projected shortages. 
To accomplish this goal, it is necessary to enlist the support and efforts of 
practitioners, community and business leaders* and bur colleagues in the arts, 
sciences, technology* and business on our own campuses. 

requir e ment s an d th e general education 



components in light of lit 



other than the traditional ways. 



Some attention must be given to the literacy of the general public, rather 
than merely emphasizing courses and knowledge required for or leading to a 

major in the subject being studied * The expectation of the colleges for s 

entering proficiency must be related to the necessary foundation 

study. General education, then, must considered in light of the general 

knowledge that an educated citizen should possess. 
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Strengthen the support areas for science and mathematics . Science and 
mathematics cannot be studied in isolation. Knowledge of the humanities and 
social, sciences becomes a tool for reasoning, communicating, and making 
ethical decisions. To ignore the relationships between mathematics and 
science and other disciplines deprives the engineer, the mathematician, and 
the scientist the breadth of knowledge necessary to become a fully productive 
and contributing citizen. 

Change a tt i tude s tow a rd the study of s cience and mathematic s . To 
emphasize the study of mathematics and science 

to the neglect of the earlier grades may contribute to the negative attitudes 
and the element of fear of many young people toward these subjects. That fear 
and those attitudes provide a type of immunization for interest in the * 
subjects. The anxiety, fear, and attitudes can be changed if concerted 
efforts are made to develop understanding and a conceptual framework on which 
to base the study of science and mathematics and to build confidence in the 
ability to learn, to deal with, and to work in these areas. 

EncoWag^^eacher ^uca^^^^o^^l^e deviations from current patterns of 
t eacher e du cation to accommodate new needs and challenges * Some of the 
restraints to change in teacher education are imposed by tradition, accredi- 
tation, and certification. Authorisation, recognition, and encouragement for 
^conceptualizing traditional practices used in the preparation of teachers 
can release the knowledge, the experience, the imagination, and the energy 
necessary to initiate new, exciting, and effective models. Consideration 
should be given to establishing a' national academy or institute for the study 
of teacher education to reflect the strength of knowledge available concerning 
teacher education, to encourage research in the areas of teacher education, . 
and to provide training opportunities for teacher educators. 
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DISCUSSION OF 
TEAC^E EDUCATION: CURRENT CONDITIONS 



James Kelly, Dean of the College of Education, 
University of Pittsburgh 

i 

I feel obliged at the out set to express an extraordinary compliment to 
Dr. Anne Flowers for her willingness to address a tppic of such enormous 
concern and consternation. Thje task is immense, ambitious, and challenging. 
It is as if one wer* pursuing the horizon or, to change the figure, trying to 
gather the ocean in a teacup. Although the effort may be thoroughly engaging- 
pursuing the horizon or gathering the ocean in a teacup— -and exhilarating, it 
is unlikely to have salutary outcomes. 

At first reading, the draft I had was about 40 pages long and in some 
instances my marginal notes far exceeded the text, which would suggest it was 
somewhat provocative. I was inclined to express my thoughts in the language 
of Plato's "Theaetetus." He said, "I am amazed when I think about such 
things. By the gods I am. I keep asking what things mean, and sometimes my 
mind almost becomes dizzy with the contemplation of them." 

There are several difficulties in addressing myths, as Dr. Flowers has 
attempted. to db; First, myths often arise because of at least partial 
truths. Some events and experiences created or contributed to the belief in 
them so that it takes carefulanalysis of the parts that are true/ as well as 
the parts that are false, to dispel the myth effectively. 

Second, a belief may assume the label of myth* not only by being false but 
by being widely believed ._ So as we address myths , we must recognize the 
necessity of unusually effective arguments to effect change ii^a belief system 
that has such wide adherence. - r - 

My concern is that Dr^ ?i9???? , _???iy? e ? ??_*e eight beliefs she labels 
"myths'" ray not adequately address these two points. She rarely acknowledges 
the at least partial truth in the myth so the analyses are often incomplete, 
and the arguments used to dispel the myth often seem arguments designed for an 
audience that has already rejected the myth. 

to put this another way* in giving only a one-sentence characterization of 

each myth, the author f alia to explain the content ^^^^m^ta of ^e^MfthB 

she purports to dispel . wha t is 

being'~n*futTd71~'£idrthe refutations presented as reality are composed of 

fairly standard reel tall of teacher education institutions' rationales for the 
most part. They do not adequately address the issues and problems of science 
and mathematics teacher preparation. 

The proposals at the end seem tovhave no apparent connection t*ith the 

myths and realities surveyed in the^Body of th e paper, and several of there 

sound good but seem to hp rnttiir ~fiKy-H?f- H"»JMilriff" "~ 
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A second bbcervation: As stated by c*>' J»s or, the problems confronting 
teacher education and the preparation ~rj£ riiLL'^T ares complex and cannot be 
resolved in simple ways. Yet. the autlib? goes or. to be prescriptive in areas 
where flexibility and alternative actions appear to be feasible. 

Although some problems are national, the solutions in most cases must be 
regional or area-specific. For example, oj|r area, Pittsburgh in Pennsylvania — ■ 
Pittsburgh is losing population while the Southwest is growing. Some areas 
have high unemployment^ even among the educated, while others have stable and 

growing employment^ And some areas or districts have older teachers rapidly 

moving toward retirement, while others have very young teachers looking for 
. other options. 

The problem posed is real, the solutions based upon the author's 
perceptions appear as partial and limited. Yet the author has set forth a set 
of ideas which can be examined, revised, expanded, r ;d clarified. These tasks 
would be helped immeasurably if more informed cy a more complete grasp of 
history and the relevant research literature. This is a strong bias of mine, 
the necessity to put things in historical perspective. 

Albin Dunes Winspear, when he was at Wisconsin, wrote a book. The Gen esis 
of Plato Vs ^Thought , and he began the book with a statement from an 
anthropologist, E.B. Tyler. It is an awkward sentence: 

To ingenious attempts to explain in the light of reason 
that which needs the light of history for its full meaning ^ 
milch of the learned nonsense of the world has indeed been 
doomed • 

: I think the inc^ght of EiB^ fyier^s is one that we dan honor^n rat: own 
investigation, the necessity of putting things in some historical perspective. 
The author seems to believe that remedies tacked on from outside can produce 
fundamental changes in schools, a notion which is largely unsupported 
historically and unsupported empirically. 

__ _" _i_ 

For 2 years, from l?66_tb 1968> Dick Lawrence and I ran a think tank, a 
National Institute for AACTE in the Office of Education. And after 2 years I 
wrote tip some of our findings. One was that national experts and national 
programs have little impact on local programs because the local experts see to 
t^ 1 ??*. ^ e _ s ? co ?d observation I ¥9uid share is that we discovered the 
inexhaustible capacity of an educational bureaucracy to absorb many 
innovations without changing a thing. » ■ . 

So I do feel compelled to try to put things in historical perspective f 
because, I think it does make for some economy in terms of bur inquiry and 

re s ear ch • _ }______^— — - 

There continue to be discrepancies in access to knowledge and in the / 
quality of instruction. If you see Opopkovitz on the myth of educational 
reform, I think there are some very clear reminders of that. ; 
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From the mathematics, natural science, and social science, curriculum 

reform efforts of the 195(Ts and 1960*s, for example* we should have learned 
of the myth of supposedly teacher-proof curricula^ with or without benefit of 
computers § which unfortunately are often used as $3,000 worksheets; 

Good teaching involves more than knowing your subject matter in terms of 
credit hours accumulated. Questions that might be well raised and addressed 
here include knowledge of what subject matter , t and how the desired mathematics 
or science could best be taught. j 

In this regard the, paper does not acknowledge relevant research in/ 
cognitive information processing, science education* and teacher education, 
such as that of Smith and Anderson at Michigan State or the work that/ is going 
?n.at Wisconsin, And I certainly feel obliged to mention what is going on at 
the University of Pittsburgh, especially in the ^Learning Research and 
Development Center by Greeno and others, much of which is supported by MIEi 

A third point, the author's tendency to overgeneralize, particularly to 
overstate claims, is disturbing - % as is the absence of clear relationships 
between the myth problems and the proposed solutions, 

N<Wf to myself I made a gratux tbus observation, * Although hyperbole is an 
?^??P t ?M e _? i ???? r ?_??pl and ^ e y^ce, it tends to generate problems and 
ambiguity in professional discourse and scientific Inquiry 

While the proposal to encourage teacher-educators to explore deviations 
from current patterns _ of _ teacher _ education and to accommodate new needs and 
challenges seems intriguing, it is the fact that the initiatives iterated are 
unlikely and suggest little substantive basis that gives me considerable 
concern* And to ask for money without Indicating how it is to be spent and 
providing evidence that such use is likely to have the desired effects seems 
inappropriate and certainly not convincing, . 

The author implies that while teacher educators are not responsible for 
the _probleni J , they car^ given enough money and freedom, provide solutions. To 
??_^ is undisciplined optimism Md I^on/t find the assertion very 
compelling* In fact, 1 au uncomfortably reminded of Arthur Wise's "Legislated 
Learning"* and his notion of hyperrationalization. 

While the paper might appeal to some teacher educators, it is not likely 
to be received well, I think, by researchers, and it would seem to provide a 
somewhat easy target for teacher education critics. Their number already is 
legion, and 1 have no desire to increase it. 

The thing I do want, to conclude with, and Jerome Bruner is the last person 
for whom I usually reach as a source to quote, is from his "Education 
Revisited,"* where he comes out as the new Bruner and says: 

The reform of the mathematics is not enough. The reform of 
the schools is not enough. The challenge of man is to 
produce a civilization that cannot only feed him but keep 
him caring and believing. 

Now, that's the note on which 1 want to close. 
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Judith Laniery Dean of the College of Education, 
Michigan State University 



In general, 1 certainly agree with both Anne andJim in the sense that 
myth^are in^frct unproved collective beliefs, belief s that are accepted 
uncritically ^nd^thtxs lack foundation in fact. But at t;he same time, these 
same myths do emerge and acquire form «nd credibility because they have these 
dimensions of reality embedded ifa them. In fact, the myths are rooted in 
culture and are complex in nature. ; 

The analysis of myths, then, it seems tame, for purposes of identifying 
elements of reality, or aspects in heed of further research, must also be 
complex and culture-specific. Thus 1 share a substantial amount of Jim's 
reaction to Anne's paper in the sense that the myths and the cbirai&ts on them 
tend to be so broad and sweeping that it makes it somewhat difficult to tease 
out the partial aspects of reality or the unexamined questions that might be 
associated with ttfem. 

But 1 think we have to acknowledge the difficulty of identifyiflg myths 
about teacher preparation* Whether it concerns ths teacher shdrtfLge in 
science and mathematics or not, it's a difficult one. And I think the 
difficulty emerges in part from the ne^d to address national concerns that 
have a modest consensus* while we real ze simultaneously that most 
generalizations can be contradicted wi;h specific exceptions at local pud 
regional levels. , • _ - * - 

the task is fraught with the inherent challenge, I think* of * making 
gen rat statements that are characteristic of 0 many, though clearly not all* 
persons or programs or institutions that are concerned with teacher 
preparation. 

I have the same kind of concern as Jim did with the paper, in the sense 
that we take a myth and talk aboutit in terms b£ all ar none in total," as 
opposed to most or some in part. For example, "The schools are failing 4 * 
issue. I think this statement is tod general and in need of greater 
specificity. 

To say that the schools are or are not failing in general is not to get us 
into a "Yes, they are ^ ^No, they are not" argument, but rather to state that 
it is the case. In certain areas we have major problems, and the problems we 
have are a function of the failure to achieve some important goals at the 
level and in certain fields that we would hope to do better with in the future. 

this area of science and mathematics is one that I.thlfk we need to look 
at squarely and publicly acknowledge particular failures that we might be 
having in this or that regard. At the same time, 1 think we need to 
acknowledge the strengths that the schools have had, the successes phey have 

had as well as failures. But I think we shouldn't do that by turning bur 

backs on the persistent problems. 
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My concern with the other myths are also similar. They lack explication 
of the complexities. For example, there are too many teachers already in. 
certain fields and certain locations, and there are too few in others. This 
situation is not new. In fact, we hive had a shortage of physical science, 
chemistry, physics, and mathematics teachers since 1939. But the magnitude of 
the problem has changed. We must ask what has been done or might be tried by 
teacher preparation institutions that will help alleviate this continuing 
long-term problem* 

the myth that teacher education students are not very ..smart has grown in 
acceptance, as we know, and a number of studies have clearly demonstrated that 
some of them ate lacking in important basic skills, subject matter knowledge, 
and teaching competence. 3jb us > I think we ought not argue that^ teacher 
education students or gracflBtea are sufficiently smart in general terms, for 
some are and some are not. / .. • 

In my view, some of the critical questions .here include: How can we come 
to make important judgments concerning knowledge and skill sufficiency? What > 
is quality? What constitutes it? On what grounds? And what are. some sound 
means of making needed discriminations between those who have sufficient 

preparation and those who do not? And what _w_?kould_a8k is: What has bc«n 

done? What can be done on the part of those who prepare and hire teachers in 
this regard? 

The myth that teacher education programs are academically substandard is 

not treated well in general t erms, either. For seme teacher education ~_ 

programs likely are substandard while others are noti The question is again 
one of mking needed diacrlminatioi^s between those teacher education programs 
that have made or are making signif leant advances in preparing qualified 
teachers and those that are not. Related questions there concern the adequacy 
of program resources for quality pre service as well as inservice teaching and 
learning in science and mathematics. 

The myth suggesting the general beliefs that certification waivers and 
additional salary would assure £ood teachers is somewhat questionable. Why?^ 
Because in general it is assumed that these strategies could help alleviate 
the teacher shortage. But I don *t think it is widely accepted that these 
changes alone would guarantee quality. 

One particular hypothesis did emerge in Sr. Flowers* ^iscuisidn that was 
clear and ptovocative, and sinca I have major disagreement with it* I thought 
I would give it some focused attention for the remainder of my remarka. 

When challenging the myth that teacher education students spend too much 
t ime in professional education courses, Anne questioned the level_of^the depth 
of the scientific, and/or mathematical knowledge needed by the secondary 
teacher. She implied, in factj that _ deep wrierstanding of mathematics and 
science subjects could Jave uninteti|ed^eieterious consequences. Her 

reasoning seems to be this: that the possession of advanced knowledge in 

these subjects creates a kind of enjoyment and need of intellectual _ _ 
stimulation, a form of Sajoyment and need that may K ; subj^t-speclflc and 
thus frustrating to the mathematics or science teacher when teaching lower 
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*®T?* 8 P^_?^ e ?? ??^j? c ??_ t P_M? ll _? c ^ 0 ^l s ? u ^®9? s » Thus, she recommends a 
possible redaction in the depth of subject-inaEter knowledge required of 
prospective teachers since it may not be directly applied to teiching high 
school algebra or biology, 

_ ... i 

It take strong issue with this view because my experience and my general 
belief is that teaching can be, and often is* an extremely stimulating 
intellectual activity that is enhanced when a ; person has a deep and sound 
grasp of the subject matter^ evep when teaching the low^r level courses. But 
what is important, I think, is that these differences of opinion cannot really 
be fruitfully discussed without the further knowledge arid insight available 
through research. 



Both philosophical and empirical study is needed if teacher educators, 
like Anne and Jim and me A are to become better informed about what are 
probably no more than partial truths associated with our respective views • 

In fact, when I was first reading this particular issue in the paper, I 
was reminded of a meeting I attended at the teacher Edd^ation Council at 
Michigan State. The mathematics department had proposed as a requirement a 
fourth course in calculus, We* on the other hand, were saying, "Well, the 
major evaluation and f ollowup studies of bur graduates in mathematics do not 
indicate they really feel they ritad more mathematics 'nit that they are having 
most difficulty teaching their general mathematics students in ninth grade, 
and they're saying, 'You didn't prepare me for this.**' 



So whether there should be more or less is a question of great importance — 
that needs to be studied if we are to get this beyond a "Yes, you do," "No, 
yoij : don't" kind of argument, which is about where we are now* in my view. I 
think it is high time that w* increase bur research activity and. decrease bur 
assertions about the effects of differential subject-matter knowledge on the 
quality of teaching arid learning. 



Related to this issue is another myth we have ^eard talked about here at 
the conference, which is ttat elementary school teachers do not have 
?L I ^?*?*? n *_^?'^ : ? ( *8© °^ science and ^mathematics ii* their teacher preparation 
in order to do it well i Evidence suggests a number of negative attitudes and 
misconceptions about science anJ mathematics are acquired by students in the 
elementary school years and the pbss.Lbility-^or let's think about it as a 
hypothesis—that elementary school teachers who have a stronger and deeper 
grounding iti the concepts of science arid mathematics might be more 
successful. I think that should be thoroughly examined in a number of 
approaches. i 

In terms of the secondary teachers — I'm talking abot't: the subject matter 
for prospective teachers that nead more reality testing— the secondary science 
anC. mathematics teachers not appear to ? cc P- r ? ?^f*5*§ nt 'cnrwledge abouc 
pedagogy, iearriers, and learning in their tea *er preparatio . to teach it 
sufficiently well. 
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I think the secondary teachers generally find studies in thei£ major 
rewarding^ relatively easy to master. We know rhey have particular difficulty^/ 
_ln_ teaching it to youngsters who do not find the subject quite as readily 
understandable or as intrinsically rewarding as they do. And lb I am 
suggesting that teacher preparation programs at the elementary and secondary 
levels might be adjusted in these ways, increasing knowledge of the subject 
for the elementary teacher, and increasing knowledge of pedagogy for the 
secondary teacher, and then pursuing inquiries into the subsequent effects on 
teaching practice and student learning. 

Another approach that I think deserves serious consideration concerns the 

rewards of teaching itself . Increased pay for science and mathematics 
teach«s cr tuition waivers for their preparation if they teach in elementary 
and secondary schools for a number of years is; 1 think, important in terms of 
recruitment and retention of talented persons. We should explore and proceed 
with those possibilities. But I think in the long run financial rewards may 
not be sufficient— necessary r perhaps, but not stiff icient~and one of the most 
important rewards in teaching will perhaps be overlooked if we do not seek to 
better understand these rewards in general. 

"here are indications that some of the most powerful rewards in teaching 
are, in fact, associated with learner achievement, that is, when the learner* a 
achievement is a clear consequence of the teacher's instructional efforts. 
Could teacher preparation programs help prospective teachers to think about 

_s<5 ffl *_ to value such _rewards7 Do some persons enter the profession because 
they already value these academic and humanitarian outcome*? 



1 think about the athlete who after years of success and enjoyment playing 
the game becomes a co uh and c-'tes to find that the winnings and achievements 
of others are rewarding. Tea iaer preparation programs help the prospective 
science and mathematics teacher? ^ao genuinely enjoy playing the game, 
P^^A^larly tho^e at the secondary level, come to find the achievements and 
the winnings of others as rewarding and as intellectually challenging as the 
coach.. 

r<veh so, it may take, hew approaches to both pre service and inservica 
teacher education. If these potentially .important rewards in teaching are to 
be realized, I think we need further Reality _ testing and research on the 

attracting and kesping talented science and mathematics teachers for whom 
monetary gain is not necessarily the single or the highest good. 

Since it is no * only myl;h, fibwever, but safe *o assume that teachers 
cannc*- tr ich what they do not know, it is critlc&i., I think, that we gather 
ffl ore Inf ormaticn on the nature and the level of- ncience and mathematical 
knowledge that teachers now have— especially thoae who are taaching these 
subjects on the basis of neither a college major or minor. 

\ 
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In the 1981-82 school year In Michigan, for example, more than 36 percent 
of all the junior high school mathematics teachers were teaching without a 
mathematics major or a mathematics minor. And for twcFthirds of that set* 
mathematics teaching was the primary assignment. 

In addition to finding some means of acquiring and studying such data, I 
think we need policy studies of State and local school board decisions, 
collective bcrguining issues, and^ recommendations from organized teachers as 
they relate to the ethical and academic judgments, recommendations, and 
standards that they hold in regard to teacher certification, qualification, 
and assignment In science and mathematics teaching. 

i think that our Natipn has an obligation to its citizenry in general and 
to parents and children in particular to monitor and make public the standards 
of quality that are being held for the elementary and secondary teaching force 
in this Nc-cion. It also has a responsibility to continuously study and 
describe the potential consequences to students and teachers of any 
modifications in those standards. 

Finally * I think research is critically needed on teacher education and 
the teacher education programs ir ._ the institute's themselves i As we ail 
fend ?> these folks have been the whipping persons of public and professional 
myths for generations. I think we cwed to better understand the curricuiums 
that _*they offer, the financial ah trift rational characteristics and 
coratraints that they face, the - ;r> j.; the teaching that they afford^ and 
the qualifications of the studetw body that they recruit, prepare, and 
graduate. 

What I am saying is that man/ of the problems that we _face and many of 
the different viewpoints that we hc^d about teacher preparation may be most 
appropriately resolved by increased understanding and knowledge. I think 
research is bbvi- .sly needed if we are ever to distinguish myths from 
realities, and that teacher education, like. teachings i? often the scapegoat 
^? r _ those who are impatient with bur Nation's educational progress and 
problems. 

There is a paucity of research in teachc** «»r!"c*fion and a mountain of 
myths about it. And it obviously needs more thought and better Uitf «rst«;>-*!ing 
on all our parts. 

Commentary; Dr. Lee Shulman 

Continuir3 with my attempt to relate some of this to a research agenda , I 
will make a couple of brief comments before turning it over to the third 
-^RCussant this morning. As you know, there is very poor, if any* empirical 
? v *^ence regarding the elationship between how much teachers know, as 
represented by their tef ~ scores in some areas, and the changes in tes* scores 

produced in their students. I think the character of that research suggests 

that it probably ±h the wrong way to ask the question. 
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But there has also been some research that attempted to identify what 
kinds of difficulties are associated with teachers who lack certain kinds of 
depth in their subject areas. One of those sorts of difficulties seems to be 
particularly provoked in the kinds of settings where kids do a gre^t deal of 
independent discovery activity and are thiif highly likely ko come up with 
unpredictable, unexpected reformulations of the material being taught. 

There was a dissertation at Michigan State by Jan Shroy*r that identified 
similar problems, asserting that in many ways the best defense against 
unpredictable, though often creative and inventive, responses by students was 
a form of instruction that accepted no unusual student responses. fWe call 
that teaching style the Admire! ^stut style: of teaching, -Damn the 
torpedoes; full speed ahead?" 

We had some case studies of teachers who varied in that way; and the depth 
of their knowledge seemed to be one of :■ a reasons they taught in a particular 
fashion. 

^ Another observation, Judy 5 would be that 1 __thinL we riot only have to ask 

the question, "Do we need ore or less?" but, "How should it be organized?** 
I think it is quite conceivable that we don f t need any more, but that the 
curriculum in mathematics or science that the folks in ti ose academic 
discipline^ provide is not organized in a manner that is appropriate to the 
preparation of teachers. 

I also have a hypothesis which I think. I shared with you yesterday, ar»d 

that is that the curriculum in ma thema tics or Science , if prop erly understood , 
is not well organized for the teaching of m&t hematicians, ei ther. If that 
curriculum were reformulated so as tc be organized in a teachable wny, it 
would also be much more comprehensible to people majoring, in matheriatics or 
the sciences than it is right now. 



Odus Elliott, Acjsociate Director for Academic Programs, 
Arizona Board of Regents 



After listening to all of the articulate presentations yesterday and again 
this corning "from gecpie who are very well grounded in research and practice 
in the areas of teacher education and mathematics and science education, 2 
•oust agree that tee's characterization of me as a civilian is probably pretty 
accurate. A term that would tv^-haps be a little more accurate is "amateur." 

there are a couple of advantage to being an amateur in a crowd like 
t^4#.__ for^i^PPl^t _?9 S ? of the time an amateur is ? little more easily 
forgiven for his shortcomings and oversights ±n his presentation. Secondly, 
he is often allowed to be a little more pedestrian in the types of things that 
he sr»ys. So I hope you will keep those tH-^nga in mind for me as the civilian 
member of this panel. 
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As Lee mentioned, the perspective that I bring to this conference is that 
of one segment of the State-level governance structure of bur diversified and 
I 1 *?* 1 ?? ^? centi:j, ** zed system of education in this country. By "governance 
structure" i mean governance units such as the State legislature* the * 
governor's office, the State board of education, higher education governing 
boards* higher education coordinating boards in some States, and even local 
district governing boards* 

With this kind of perspective and background, I read Anne's paper a little 
differently f rbi the other two discussants. I viewed her paper not as an 
? ttem P t t0 provide a definitive philosophical polished statement about 
t ??Sb e ? _ e ^ u ? at ^ 0ii ? but more as a vehicle for this conference to begin to 
identify some of the ma j or, problems that we see and that we face in this area 
of teacher education. 

John Taylor called last fail and asked what we were doing but in Arizona 
in the area of teacher shortage in mathematics and science. I explained to 
him that his call was very timely because a few days prior to his call 
Governor Babbitt* who was at that time running for re-election, had^ issued his 
platfbr- concerning education issues in the State. And his platform went 
something like this: 

We need to increase the university admission standards to 
require students to have more mathematics and science in 
high school. 

We need to establish summer programs at the universities 

school students who are gifted and talented in "~ " 

mathematics and science a :as. 

We should establish a student loan program for prospective 
teachers and waive repayment obligations if those teachers 
pb on to teach in elementary and secondary schools in the 
State. 

He said, "Let's form summer institutions, mathematics and science 
institutes, to allow our t ^chers to upgrade their skills and to allow 
retraining of teachers who want to enter those specialties;" 

He said* "Let's change bur teacher certif i cation requirements to require 
computer liter* zy along with other aspects of teacher preparation . " 

He said, "Let's establish a pilot program for increasing the Compensation 
of science and mathematics teachers in selective districts ac«.n«3 the State." 

These are not new ideas for most of ybu. r '. 4 ey are not innovative .ideas. 
But i think the Governor's recognition £ the problem is at is significant 
in t> " ■ anecdote. ;tt was important enough to torn ^o make it one of his major 
campaign issues last ?>13 

The other candidate for Governor didn't l^ve such an educational issues 
component in his platform. Governor Babbitt was re-elected by a very large 
margin. 
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I am not sure we can conclude from that that he has a strong mandate to 
bring about his programs in education, but that may certainly have been a part 
of his success. It is also significant because, as a followup to his__ 
election, the Governor has recommended for the 1983-84 budget that $500,000 be 
allocated to begin to implement and initiate some of these programs. 

Thdt Is not a lot of money * but looked at in perspective of what is 
happening, in Arizona and what JLs happening in a lot of other States, it is a 
significant deyelopment. Why? Because he is recommending. for most State 
agencies a substantial reduction in their budget for 1983-84, a level below 
t h ?* r _ current year's budget. To be proposing a new program in the area of 
mathematics and science teacher training and education, I think, reflects his 
view that this is indeed a vital area. 

After all the discussion yesterday about the shortage and aVovt the 
problem^ in mathematics and science education, I assure you it's a real, 
pleasure to offer this note of optimism and encouragement as one State begins 
to deal with shis problem. 

I would like to offer just a few comments about some: of the points made in 

Atcne's pajK . In the identification of the problem^ I think I would place a 

litt7.< more emphasis on the economic foundation of the problem, ft was 
allud d to by a couple, of the speakers yesterday, industries in this country 
have hot_fcept pace with industries in other countries in high technology 
areas. Consequently, our industries are suffering, they are scrambling, they 
are trying to catch up, they are being affected inthe marketplace* 
Consequently, those businesses and industries are raiding our schools for 
employees and at the same time Are demanding graduates from our school system 
who are highly skilled in mathematics and science. 

I think this is one of the major reasons this problem has gotten the 

attention of many of rhe political leaders or at least some of the political 
leaders in this country i They recognize the importance of having well trained 
human capital to rebuild the economies, both of the State and of the Nation. 

Anne suggests chat it's time for chadge, and I think many are beginning to 
agree and to support that argument or point. Some of the organizational 
change studies I have a****' have concluded that often changes occur ia 
organizations because ot _ w .side pressures and forces or because of top-clown 
kinds of mandates within th » organization. z, 

1 think this im one place the governing structures of bur education 
systems can contribute to the solution of the problem. They can become a part 
of th^t outside loxce that keeps "this issue in the forefront and that 
conti tues to place pressure on our diverse and decentralized system to grapple 
and to deal effectively with this problem. 

the ;,i.obiem is exacerbated by the decisions of some of bur governing 
boards to increase high school grad'^^ion requirements in mathematics and 
science, -ha also to increase admliL. requirements for byr colleges and 
universities. As we begin to say to the high schools, "You've got to give 
students more exposure to mathematics and science subjects," those high 
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schools are faced with the frustration of wanting to do chat but not having 
adequate numbers of well prepared tet shets to respond to thone outside 
pressures. 

One of the myths tone mentions is that certification waivers will bring 
good teachers to the classroom. Several people have already addressed some of 
the problems that arise as a fesult of giving certification wavers to people 
who niay not perform well in the classroom. Waivers are certainly not the best 
solution, but they may be a necessary interim measure, at least until we can 
figure but ways to improve the productivity of the teachers we have or 
increase the number of teachers available. Waivers should be temporary and 
they should also require some type of intensive training in pedagogy to 
strengthen people who do not have adequate preparation in that area. 



While we have heard a number of criticisms of the teacher certification 
waiver movement, I have not heard very many suggestions from the program" 
presenters about what the schools are going to do if they don't get waivers 
for individuals who may have some skill and som<i ability in mathematics and 

science. 

~ -_ a 

A frequent complaint that I hear from people who have graduated from many 
of bur teacher education programs is that there is too much duplication in the 
content of teaoher education courses. They said that it may be possible to 
provide students with the necessary skills in less time and in fewer educate :n 
courses if we take a close look at the possibility that we may be duplicating 
°< Tie of the content in those courses. ^ 

In Arizona the State Department of Education has launched a statewide 
object to identi ry precisely t^ose skills that are needed by the classroom 
ceacher* and that project has included a great deal of participation by 
teachers in the State, the goal is to revamp certification requirements in 
the State to focus on specific skills, rather than on havirg completed certain 
tradit5 bnr.i courses that we find as a part of most of our teacher preparation 
programs around the country. 

Another myth is that if we pay more, we will get the teachers. Teaching 
is ^profession that requires a commitment to values other than materialistic 
values i We must make it possible, however, for those *?hb do have the value 
system, the skitis, and the commxl^^nt necessary for effective teaching to 
maintain a reason*b±e standard of iiviig. ' And I think we can begiu by 
improving the salaries for mathematics and science teachers as one of the 
strategies for eliminating the shortage. 

Now, thi* may require an increase in taxes; and that is a nard pill to 
swallow for people who are responsible xo^ taking decisions ecrmt taxes. But 
given the condition of bur economy in most of ouf ' State * , It "is not likely 
that State revenues and local school*, district tax structures ar? going to 
8®? l ®?§ , * i2 _t n ®_?§* ?®Y e 4ucs that are needed simply as a result of economic 
growth, at i^ast not during the noxt couple of v*ars. I hope I'm wrong. 1 
hope our economies turn around fast enough and that our systems of taxation 
wilJ generate more dollars based on economic growth, but that may not happen. 
A considerable amount o£ courage and foresight would be needed by our elected 
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political officials to come to grips with that problem and look at the 
possibility that we may need to either reallocate from existing government 
??FY* c ??_ or programs or increase taxes to generate the revenues necessary to 
bring about changes. 

Now, I would offer a more encouraging word about' this teacher supply 
problem. An associate dean of one of our colleges of education in Arizona 
told me last week » hat he is beginning to see a few students from other 
programs in the university transferring into teacher education programs, 
several from engineering _programs. He went on _to explain that these are not 
students who are flunking out of the engineering programs * they are not 
students who are having academic difficulty over there, but they are students 
who have concluded that a career in educat^^n would be much more personally 
fulfilling and rewarding than a career in some engineering discipline which 
they had earlier decided to pursue. 



That is ait encouraging word, and I would be interested to know if anyone 
else is beginning to see any kind of flow like that between the other academic 
programs on campus and teacher education programs. 

Another myth is that teacher education students spend all of their time in 
professional education courses. This has already been alluded to so I will 
?<?t fpend f _S?eat deal of time talking about the level to which teacher 
education students should gain competency in their particular. discipline. But 
I would add jiista couple of things that concern' me as a civilian or as an 
amateur in this. field. I wonder if a teacher who has not completed advanced 
courses can fully appreciate the significance, the Importance, and the 
relevance of the basic courses in mathematics to the advanced courses. And i 
wonder if they are not fflore effective teachers if they have a good grasp of 
the relevance andL.tr - re'ietionship between the various levels of mathematics. 

Another comment /^h^. I do hot think was made earlier on this tfbpic is that 
we may be doing a diService to the teacher education students if we do not 
encourage them to go on and attain higher levels of _competence in their fields 
whether it: be science or mathematics. The reason ±s this: They may not be 
teachers ail of their working Jives, and if we do not encourage them to attai- 
a high level of competence in their specialty, we may be encouraging them to, 
put a limit on the other types of career options they may have after they 
decide to move on to some other type of career. 

One of the proposals that tone made near the end of her paper was that we 
need to give more emphasis to the support areas in mathematics and science. I 
would like to add my endorsement to that* i think it is very important that 
in our teacher training programs in mathematics and science we make sure that 
the students have adequate exposure to English and humanities. They ufed to 
be able to use the language clearly and to communicate effectively if they are ^ 
going to be good teachers. And they must havi a sensitivity to ethical and 
himanita r! an concerns that may arisi from scientific disciplines and 
scientific study. 
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Finally; I have a comment about the potential role for a State-level 

governance in the^strategy for addressing these problems in mathematics and 
science. As I mentioned earlier, the governance structure Includes the 
governor * the State legislature, and various governing boards in the fields of 
education. I think there are four or five types of activities that the ' 
governance structure may examine as part of their contribution to the strategy 
for dealing with these topics. 

Most of the governing boards, at least, and to a certain extent other 
units of governance structure have a role of setting missions and priorities 
for institutions within their domains. I think they cm look at the needs in 
this area as they are examining what are appropriate missions and roles for 
their institutions. They also have a responsibility for oversight. They can 
press for curriculum and program review that may be needed in these areas. 

In a third role, governing boards can serve as advocates for funding 
improved teacher education programs with a State legislature. 

Governing boards and governance units seem to have a little more ready 
access to the media, to the press. They can continue to give visibility to ; 
these problems and to possible solutions to those problems. 

Finally, I think the governance structures have a major role to play in 

coordination, it has been emphasized several times during our conference that 
the problem before us is a complex one and requires cooperative efforts by a 
vide variety of actors s i think those governing units who are responsible 
overall ion the governance of the system can make sure that there are ways in 
which the various units involved in this program or in this problem can 
coordinate their efforts and deal with it in a very systematic maimer. 



OPEN DISCUSSION 



BR. SHULMfcN: I remind you, Odus, that another meaning^ perhaps the 

original meaning of "amateur," is someone who does the work fcr the love of 
it; J hope in chat sense all of us are amateurs in the field of education and 
teacher education; 

One observation I would make, provoked by yo»'r comments: i am concerned, 
and I bppe you will reflect for a moment; and some of ray colleagues in the 
prof essiori_ who may share your perspective will reflect , on what may be a 
fundamental contradiction in your simultaneous call for greater depth of 
understanding of subject matter the one hand* anc- then a definition of 
teaching in terms of a set of skills on the other. 

I find it remarkabj^e that behaviorism is dead and almost buried in 
psychology tat is so alive and veil in the halls of policy. It would be a 
littles like setting astronomical policy by mandating epicycles. 
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This is a very controversial issue, and I think the weight of the evidence 
in the research suggests va ought. to be terribly careful about — and I'll use 
an emotionally laden wbrd--triyializing the work 6J educators by defining what 
they do in terms of a set of observable ski :s, when we would never ever dream 
of defining the ^? r |? °f a mathematician in terms of a set of observable 
•kills, or that of a physicist; 

I think the evidence we have is that i iL-e are not particularly fruitful 
ways of defining teaching competence - 9 and they certainly do not define the 
kind of competence that will lead a person to grow in the job* which is 
precisely the rationale for having them have deeper knowledge of subject 
matter; 

DR. LANIER: Because this is such a critical issue, I want to say that one 
of the reasons , in my viewi that teachers are leaving teaching is that we have 
cast teaching as technical work and technical activity with skills, as opposed 
??_P??l^ B i tt O^_WWk_tiuit requires the exercise of important cognitive 
judgments. I think that kind of view may well be inadvertantly driving people 
from the teaching force, because teaching is seen as technician-type work, rW 
professional work; 

DR. FLOWERS: First of all, I want to say what a pleasure it was to find 
that the first two discussants employ the same type of objectivity that I did; 

«*- 

I would like to clarify one area that I perhaps did not present as well as 
I should have. As we are talking about the depth of understanding of subject 
matter, I am talking about a reorganization, a change in the curriculum for 
teaching^ and for us to know the kinds of things we are going to be teaching 
youngsters, rather than extreme emphasis on research or very heavy types of 
?9^?^®?_*s they are now org - sized in sci >-e departments. And that is a 
different: kind of thing, an'' perhaps my \ mentation was not clear, 

DR; TAT.T.R Y: Br; Flowers mcnt* ">ned a very concrete suggestion aid it was 
picked up by Dr. Elliott who h&d a counter, -false taxes. " Dr. Flowers 
suggested that the. salary differential be made up by part-time employment of 
ccalified people by industries and listed a tiumber of benefits that would flow 
ts the students, to the teacher, to the school system, and to the taxpayers, 
but unfortunately I didn't hear irtiat the quid pro quo for the business would 
be; And I ass wondering if, other than being a corporate good citizen, which 
unfortunately won't make the stockholders too happy, she or any of the 
representatives of industry in the audience have thought about the benefits to 
the company vhir.H gives up full-time employment of what we would imagine to be 
a very valuable employee. 

_*_?kinki ^0°?^ ??? ar ?? t ^ e _P 0 9^_f? r inaustry or 

for the business itself; Another, of course, could b£ a tax Incentive if thac 
soft of thing was built in. 

DR. TALLEY: Enlarging the pool again benefits all the companies, and the 
stockholders want the officers of the company to make profits for them, not 
for ail automakers rather than ^nera^Mot-irs • __ l^t.pther than tax incentive?, 
does anybody have ^ay idea about how the companies could benefitf 
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DR, SHULMAN: Is there someone from industry who would like to respond? 

MH v nL^SC'ljJR ( Jim Buescher* ALCOA) : In response to that statement, I 
gue;: . «.V?. issue for us from industry is really a longitudinal one. Assuming 
that we are uot iti a liquidation process—and I hope we are not--we are going 
to need quLiUf led graduates today, next year, 10 years from now^ 20 years from 
? ow i_ sc ^°°?- systems are not providing those, then~obvibusly we are 

going to have to get involved — and we are, because we have that concern. 

So if it means employing a teacher for the summer, call it an outreach 
effort, if you wiiii Trying to measure it from a stockholder's standpoint may 
be a little difficult, but we think the issue is much broader than this 
quarter's profitability, / 
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SESSION VI 

SCHOOL SYSTEM RESPONSE TO THE PROBLEM OF 
TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS 



THE TEACHER SHORTAGE IN MATHEMATICS AND SCIENCE : 
THE LOS ANGELES STORY 

Rosalyn Heyman, Assistant Superintendent of Secondary Education, 
tos Angeles Unified School District 



For the past several years, the shortage of qualified mathematics teachers 
has been severe; for the past 2 years, the shortage of science teachers has 
become a serious concern. Among the factors contributing to the shortages are: 

• increasing numbers of teachers, especially. in 
mathematics and ^cience, are leaving tfie classroom f or 
W8h??_P?yi?8 jpl>8 In .government and industry. Some_ 
private corporations attract teachers becdused they** 
offer the added benefit v of paying for college and 
university courses leading to advanced degrees; 

m a declining number of college students are pursuing 
teaching careers in every subject field. Among the 
1982 entering freshmen at U.C, Berkeley* less than 1 
percent specified an interest in teaching; 

• increasing numbers of mathematics and science teachers 
are reaching retirement fige; 

• J°?? e ^Y??_?i?h teaching credentials who could 

!^?Y?_^?? n ??? r ? c ??^_^ a ?^_ t 9__?? a 9^ n S_^? times of 
Emergency are already employed fuii-time in the work 
'force • 

In order tp teach in a public school ih_ Calif ornia, a teaching credential 
(license) id required, which is authorized by the California Commission for 
Teacher Preparation and Licensing. Full credentials are issued, upon 
recommendation of a college or university, to teachers who have successfully 
completed the required courses in their subject field and education and who 

^?Y?_99 m P^???^ A *t\\feyit teac ^_fe 8 iP entr __ Ift _o^ r _ td help solve the 
teacher shortage problem, the Commftsion issues emergency credentials for the 
. current year only to applicants that the District finds promising and is 
willing to hire. Mathematics and science emergency credentialled employees 
havfe varying degrees of preparation — some with basic credentials in nonshortage 
fields, but most with no credential at all. Therefore > holders of emergency 
credentials must, while they are teaching, complete some university course 
work and pass necessary examinations in order to obtain a full credential ox, 
to have their emergency credential renewed for a second year. 
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One measure of the teaching shortage is the number of emergency 

credentials issued to /te&ch mathematics and science, in the 1980-81 school 
year* within the Eos Angeles Unified School District (LAUSD), 169 emergency 
mathematics credentials ^er^ issue^_in the 1981-82 school year, this number 
rose to 333 in mathematics and 82 in science. In addition, the District 
granted another 157 limited assignment permits to teachers with credentials in 
other subjects so that they could fill in and teach one or more mathematics or 
science classes. In 1982, the figures climbed to 508 emergency mathematics 
credentials and[ 89 emergency science credentials. 1 

-_ _ _ - -_ L - _ 

Large numbers of thea^e teachers lack adequate preparation. For example, 
_lj*4* . teachers teaching bne or more mathematics classes in secondary 
schools in 1981-82, an informal sampling revealed: 

38% were mathematics majors (547 teachers) 
30% were mathematics minors (436 teachers) 

32% were neither mat! zatics majors nor minors (461 teachers) 

Last September, the District was able to open school with a contract 
teacher in every classroom for the first time. in 12 years. This result came 
about in large measure because of the difficult economic situation. During 
that past summer, the Personnel Division interviewed hundreds of applicants, 
many of whom applied because th^y were unable to obtain employment in 
government or industry • 

The shortage will* however, continue to grow for then* reasons: 

• as economic conditions improve, many teachers will 
return^© the higher paying jobs in government and 
industry; 

• increasing numbers of mathematics and science teachers 
are reaching retirement age; 

• State and City Boards of Education are proposing 
*? cir *?? e ?_*?* t* 1 * ?™^??_?^_??*? 8 _Pf_ ifi * t b^*Atics and 

science required for graduation from high school; ^ 

• universities and colleges are increasing entrance 
requirements. 

As -requirements are increased, shortages become greater. To add one-half 
year of mathematics would require 121 more mathematics teachers;- to add 1 year 
of science vould require 162 aore science teachers. 

Wta*? & * been done to solve the problem? A review of the past 20 years is 

in orrter. 



*0f the 508 Iti mathematics, 300 are iull-time mathematics teachers; of the 
89 in science, 70 are full-time science teachers. 
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the Cuban Crisis 



In the Wep's, the Cuban crisis brought many learned refugees to this 

land — mathematicians and scientists, university professors and school teachers; 
Representatives from the District went to Miami to recruit. Preliminary 
credentials were issued which allowed these professionals to teach while 
attending required university classes in the evenings and on weekends. The 
university classes coupled with the on-the-job training that each school 
provided were not enough to hold many of these teachers^ The honor arid 
respect given the teacher or professor in Cuba was not found in the junior 

high schools of Lbs_ Angeles. Those who were most successful were alert and 

.perceptive in the classroom and well enough organized to readily implement the 
classroom management techniques they were being taught at the local school . 
Many left teaching; those who remained have continued to provide excellent 
instruction for young people; several have become highly respected counselors 
and administrators. 

The Engineer Layoff s 

In the early 1970*8, when the defense contracts in the Lbs Angeles area 
were moved to other parts of the country, industry was compelled to lay off 
hundreds of engineers. These massive layoffs provided the District once again 
with a source of personnel willing to teach_mathematics arid science, and the 
District recruited large numbers of them. The District gave them jobs, helped 

them obtain the preliminary teaching, credential, made the arrangements for 

them to enroll in a university or college to complete the necessary coursework 
in education. On-the-job training was provided by the District and the local 
school^ and_the_ college-or-universri:Ly als o Of f ered some supervision of 
"instruction. As with the Cuban refugees, the engineers were unprepared for 
what the junior high school had to offer. Many soon discovered, or 
rediscovered, why they had chosen not to teach in the first place. Teaching 
is difficult. The engineers, like the Cubans, were very knowledgeable iri 

their subject area, but were not able to apply effective teaching arid 

classroom management techniques and did not have any background in learning 
theory. Large numbers left the profession before completing their training; 
many more left. as soon as industry started rehiring. The few who remained are 
doing ah excellent job. 

Summer - Programs 

In the late 1970 ! s , the District start?^ summer programs to retrain 
substitute teachers, elementary teachers* and secondary teachers with 
credentials in other subjects. The Commission for Teacher Preparation and 
Licensing created a credential for these people to obtain— the Supplemental 
Authorization Credential. A teacher with a credential in another subject 
could take 30 quarter units in specified areas of study, such as mathematics 
or science, £nd obtain a supplemental credential. For the mathematics 
authorization credential, 1 year of college calculus is included. 

One of the District's first efforts was a 6-week summer workshop taught by 
an experienced District teacher . The teachers attended for a full day for 6 
weeks and were j>aid a stipend. The dropout rate was high, but those who did 
finish stayed with teaching. 
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In the 1970's, science teachers regularly participated in NDEA workshops 
offered through the colleges and universities. These workshops helped, 
teachers update their knowledge and skills. Much of the funding for these 
fine science workshops 14 no longer available. 



Two years ago the District contacted the Commission for Teacher 
Preparation and Licensing and atf&prt for permission to institute a number of 
experimental internship program*.. The request was granted. The District held 
a consortium of all the local iv eges and universities and approached them 
with the idea of providing inte'^^-tp programs for District employees who 
wanted to change their credentla j to add oh mathematics or science. In 
conjunction with this, the District. created an advisory board which included 
mathematics and science teachers selected by the teachers 9 union. As the 
colleges and universities submitted their proposals for experimental 
internship programs, the advisory board made suggestions and ultimately 
approved each one and sent it on to the Commission for Teacher Preparation and 
Licensing, which granted final approval. Some were successful; others were 
not; Some of the colleges and universities had tuition fees that were 
prohibitive for working teachers, and the District was not in a position to 
help financially, there was great interest in these internship programs in 
the Spring of 198 Oj^ when the District had announced a large teacher layoff 
slated for June. When Jiitie caiej the District did not have to go through with 

the layoff, and so interest in the internship pcogram? declined. 

*> 

The next step was to provide programs for teacher*, holding emergency 
credentials' to get full credentials. The same patten: was used. The 
universities and colleges were contacted and made aware of the needs of the 
teachers. They all cooperated and off ered to provide appropriate summer 
programs. The District then _compiied a list _9<>5taining the name of the 
university or coiiege, the contact person, and the telephone number. This 
notice was sent with a personal letter to every, teacher holding ah emergency 
credential, urging that teacher tb_ contact one of the schools to enroll in a 
training program leading to the full credential. This program was very 
successful and is being repeated yearly. 

The latest_District effort has been to embark on a joint university/ 
District internship retraining program to train mathematics teachers. UCLA 
was selected, primarily because it agreed to match the District monetary 
investment in the program. Out of 105 applicants, 41 were selected, and 29 
are still ihit. The program started last summer 'with the trainees taking 
university classes, followed by a 3-week workshop of fered by the District's 
mathematics specialists.^ The teachers were paid for the ^3-week workshop. 
Their university tuition was also paid, so their major expenses were for books 
and parking During this school year^ the trainees are continuing in a 
university course and a practicun t each semester. Next summer, they will 
complete the training witha 9-unit university segment. During the year, the 
District has provided a full-time resource teacher who visits and _sapervises 
the work of .the trainees in their junior high school mathematics classes and 
provides individual and group inservice trainings The decline from 41 to 29 
can be attributed in large measure to the difficulty of the ^mathematics 
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courses required by the university. _The_ university soon recognized that the_ 
trainees needed tb_ start at a lower level and_ then adjusted their course work 
accordingly. The District workshop included lesson planning, learning theory, 
and classroom management techniques. The program is considered to be a 
success. 

Inve s tment i n P e opl e 

Late last year, the legislature funded artfi ^proved the "Investment ±n 
People" program. Administered through Lbs Aig^ies County Schools, the program 
has several facets: 

• local schools may write -proposals, for funds for 
development of their staff in mathematics, science or 
computer literacy; 

__ _ __ » _ _ ^ . _ __ 

• the training of the 29 teachers who are in the 

LAUSD/UCLA-spotisored mathematics training program will 
be continued; and 

• universities and colleges may write proposals to help 
train emergency credentialees in mathematics and 
science (both USC and California State University at 
Los Angeles plan to submit proposals). 



Partnerships with Industry, Government, and the Military 

To resolve the growing shortfall of mathematicians, engineers, and 
scientists needed by industry, government, and the military, from time to time 
various partnership programs have been proposed. Last fall our Superintendent i 
working with the President of Cai State Dominguez Hills, proposed a plan for 
mathematicians and scientists in industry to donate several hours a week to ^ «£ 
instruct high school pupils. For many reasons, this "Pilot Program" has not 
yet started, ; 

In recent weeks^ theDistrict has been contacted by the Partnership for 
Development of National Engineering Resources Project, a group from industry 
and the military. The group is interested in increasing support of university 
and secondary school science and engineering facilities and in Providing 
additional incentives to attract science and mathematics teachers at the high 

school and junior high school levels • Through an ad hoc committee, 

representatives are presently exploring a number of possible action items: 

1; To sponsor £tnd support legislation which would allow 

for incentive payment to shortage-field teachers hired 
in the State of California. 

2. To review national legislation directed at improving 
instruction in science and mathematics, with the 
intent to support and lobby for its passage. 
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3* To consider the funding of science or mathematics 

chairs at local high schools which would provide extra 
teachers in those fields^ reduce class size, increase 
teacher prestige, and offer outstanding instruction. 

4. To provide bile or two periods a day instruction from 
engineers and mathematicians assigned from the 
military and industrial sector. 

5. To provide engineers or mathematicians from industry 
to act as professional experts, releasing a classroom 
teacher who then could visit industry or observe other 
outstanding teaching. 

6. To provide enrichment instruction by engineers and 
mathematicians from industry and the military. 

7. To provide funds from industry for the purpose of 
retraining mathematics teachers of and for the 
District. > 

8; To provide equipment or funds for equipment to upgrade 
the mathematics and science departments in junior and 
r> senior high schools. 

9. To study the possibility of granting sabbatical leaves 
from industry and the military to engineering and 
mathematics staff members to teach in the public 
schools for a year* The half salary from the 
industrial complex plus the regular salary paid by 
the District would be enough to compensate those 
specialists at their normal rate. - 

10. To provide sabbatical-type leaves for teachers to work 
in industry and therefore become upgraded in the 
fields of engineering, mathematics, and science. 

The group plans to develop a 5-minute video presentation to use to solicit 
funds from large industries. 

Fellowships 

Another group of representatives from business is presently cbnf erring 
with the District about the possibility of of feting 50 summer fellowships to 
mathematics and science teachers to upgrade their skills • 

MESA 

The Mathematics, ^gineeringi Science Achievement Project (MESA), active 
in 30 California school districts, has as its purpose helping minority 
students go to colleges and universities to become engineers, mathematicians, 
and scientists. It has chapters in several £os Angeles Unified School 



194 

J9fi 



District high schools. iRepresehtatives_ from business and industry work with 
minority students who w|nt to go to college to insure that they succeed by 
providing tutoring , field trips, study sessions, and generally providing a 
high level of support to the schools. The group raises funds from industry 
and receives a matching grant from the State legislature ; 



Another proposal is the formation of a task force under the leadership of 
the State Department of Education which would include representatives of 
business, industry, government, the military, and the schools to explore ways 
of solving the shortage of mathematics and science teachers and to keep up to 
date thbsexpresehtly teaching mathematics and science. 



Experiences have shown that the fact that a person is knowledgeable in his 
subject field does not necessarily mean that he can teach others. There are 
few "born" teachers; yet most people can be trained to become adequate, if not 
outstanding, instructors. The skills, strategies, methods, and techniques cati 
all be learned, but they cannot be learned overnight, in a week, or in one 
crash course. The semester of student teaching under the supervision of a 
master teacher is still an important part of learning to teach. During t^is 
training period^ the student teacher has an opportunity to try out strategies, 
to apply learning theory, and to conduct daily discussion and evaluation of 
each planned lesson with the training teacher. 

E.T. - Educational Techniques that are "Out of this World" 

When mathematicians and scientists and others want to become teachers, 
they must receive training in learning theory, learning styles, classroom 
management techniques, and in implementation of the teacher-directed lesson. 
Many universities and colleges offer very little iti the way of methodology. 
It becomes necessary for the school district to provide inservice education. 
The District provides extensive staff development programs for teachers aimed 
at improving their skills and making them more successful in 1 the classroom. 

Science and "Ma themaglcians " 

A good teacher candidate is a bright, knowledgeable (in his subject area), 
alert, sensitive, patient, enthusiastic person with genuine interest in young 
people. With these qualities, such a person can learn arid become a top 
science teachejr or "mathematician." 

£oiig Range Considerations 

While this paper has dealt with some programs in place* and some immediate 
plans for the near future, it must be emphasized that the problem requires 
^ong range solutions that will attract the very best mathematics and science 
majors to the teaching profession. In order to do that we must: 



T. 




reemphasize that teaching is a profession; 
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• seek public support for reimbursement for teachers 
equal to that of other professions; 

• seek legislation which allows the school district to 
be competitive in salaries for shortage- 
field teachers; 

• constantly remind college students that teaching is 
one of the most exciting and personally and 
psychologically rewarding professions there is; and 

m instill a renewed self respect in the teacher, which 
cornea^ from a feeling of security on the job, adequate 
salary, and professional recognition for a job well 
done. 

Schools of the Future 

If long range solutions do not come about , the Nation may be forced to 
implement, before the end of this decade, the school of the future. In that 
school, great and Important concepts, knowledge and understandings will be 
presented by master teachers on videotape. Students will internalize these 
concepts by interacting with their own personal talking computers. Small 
group instruction will be conducted by less fully trained laboratory 
assistants. Other .computers _will_ provide drills to learn and master essential 
skills. Mastery of essential skills will be a prerequisite for advancement to 
kisser .levels of leaning. The progress of each student will be carefully 

r ecorded by ^^^ers, and it ^1?_^? ?he function of 
administrators and counselors to guide each student through an individually 
tailored program aimed at insuring that each student reaches his highest 
potential. * - 
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fl PRIS2m_-A_ PROGRAM FOR STUDENTS BUILT UPON 
PROFESSIONAL GROWTH EXPERIENCES FOR TEACHERS 

Douglas Seager, Curriculum Coordinator, 
r Rochester (New York) City Schools and 

Industrial Management Council 



In 1981 the National Science Teachers _^8oci'it±on surveyed high school 
principals from across the Nation in an effort to ascertain the percent of 
newly employed science teachers who were unqualified. Here's what they 
found* In nine census regions, the lowest percentage they found was 9 
percent, the highest 84 percent, and the average was 5G,2 percent. *rhen 
compared region by region with the pervious year, three regions were down, at 

most 3 perceht r while five- had increased one of them by 17 percent. But 

these statistics only indicate a problem with newly employed. science teachers. 
Let us look at teacher shortages nationwide by State. In 1980-81 there were 
43 States showing a shortage of physics teachers, 35 were short mathematics 
teachers and 35 were short chemistry teachers. In 1981-82 evetl more States 
reported shortages of mathematics §nd chemistry teachers, although one less 
State reported a shortage of physics teachers. 

In one well-to-do suburb of Rochester, N.Y.^ it took over a year., to fill 
one physics opening. Just last week two of three candidates for a permanent 
substitute position in junior high science were unsatisfactory, and the third 
has changed her mind about teaching— -pref erring to be dropped from the 
substitute list. 

The Program for Rochester to Interest Students in Science and Ma 
(PRIS 2 M) was established in 1978, not to respond to the problem of teacher 
shortages, hut rather to help increase the number of minority students 
eligible to enter engineering and other high level science programs. A 
relatively small effort, PRIS^M has nonetheless found itself closely 
associated with many concerns regarding science education. In retrospect it 

may be that PRIS^M'a appearance was inevitable. The crisis how surfacing 

had its origins several years ago. A few of PRIS^M's responses seem to be 
working in Rochester and may prove to be worthy of consideration on a 
significantly broader scale. 

But first, let me present a brief overview of PRIS 2 M itself ife 1977 
Willis Sprat tiing,^ senior off icial with the Xerox Corporation and member of 
the National Advisory Committee for Minorities in Engineering (NACfiE), 
challenged the Board of Directors of the Industrial Management Council (IMC) 
of Rochester, N. Y. , to study the problej6 of minority parity in engineering. > 
Soon after, the IMC established a task jxorce to evaluate the challenge locally 
and, if appropriate, to establish ah implementation plan. PRIS^M is the 
result of this extensive evaluation effort. 

Located in a high technology center (Rochester), the City School District 
has realized a very low number of minority students electing to take science 
courses, eveti fewer majoring in science and mathematics. In two predominantly 
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minority high schools, we found a total of fivestudehts taking physics in 
1978. Consider the following: approximately 40 percent of the Rochester work 
force is employed % i^ industry, a total of 140,000 people. Most of our 
companies are based on technological products and services,* there is almost no 
heavy industry here. As a consequence, technical ®^*?®® r *^_ 8 kiiis are 
in great demand. Because so few minorities ever consider engineering as a 
career, opportunities for this segment of our population to acquire positions 
leading to professional and managerial vrank are limited. Concerns on the part 
of both, education and industry have resulted in a Joint venture to increase 
the number of minorities majoring in science and mathematics so that more 
students will eventually be available to the increasing technically oriented 
work force in Rochester. In the long ran, our goals are in keeping with those 
of NACME —enrollment in engineering and other technical programs by 18 percent 
of Rochester's minority student population. Nearly all of PRIST'S programs 
take place within the City School District - 9 with the full support of the Board 
of Education and Superintendent of Schools. In fact, one-third of the Board 

of Directors of PRIS^M is made tip of school district personnel* One-third 

represents the Rochester community, and - one- third comes f ronr Indus try. This ~ 
group encompasses considerable resources and helps provide many of the people, 
materials, and "in-kind" contributions which play such a significant role in 
the total program. 

A ICFyear funding commitment was made in 1978 which will total 
approximately $2 million in direct contributions for operating expenses and 
program activities. Numerous and varied in-kind contributions make the total 
financial commitment well-in excess of _tiat amount. Entirely funded by some 
26 local industries^PRlS 2 M receives an average of $200*000 per year, nearly 
half of which supports projects directly impacting bh students. Two full-time 
staff members carry* but the program activities. One curri culum coordinator 
with extensive curriculum development and teacher training experience works 
hahd-in-hand with the science/mathematics department and staff of the 
Rochester City School District. Primarily responsible for initiating and 
implementing academic programs, curricuinmiand summer activities - 9 the 
curriculum coordinator also links the school system with rnary resources from 
local industry. The community relations coordinator enjoys a high degree of 
acceptance from the minority, community and bridges the community^ education, 
and industrial resources while promoting the goals of the program to leaders 
of these organizations. An executive director from the Industrial Management 
Council oversees^hese linkages and promotes program support at the highest 
levels of industry, education, and the community. 

Interventions 

Dwindling interest in science during the crucial ages from eight to 
thirteen years prompted our first level of City School District program 
support. If students do not like science during the middle /junior high years, 
they are not likely to select science courses at the high school level. Oar 
response to this dilemma was to initiate a supplemental curri colum pro ject 
designed to provide a motivational alternative to the ^existing curriculum. We 
looked at the problem this way. Envision a funnel, widest at the sixth grade 
entry level end, but considerably narrower at the midpoint constriction where 
ninth graders enter high school. The spout represents the narrowest part — 
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consistent with high school enrollment in science. In terms of student 
interest, we want to expand the entire funnel arid considerably widen the 
spout* As that happens the number of minority students electing additional 
science /mathematics courses \will increase. 

Supplemental PRIs2m activities for selected minority high school 
students entering the spout of this funnel must be motivational; they must 
occpr frequently and consistently, and they must be appropriate. To these 
etJro PRIS^M teams have been established at every grade level within each of 
the city high schools. Here tlife PRIS 2 M interventions are certainly A 
noteworthy, \ 

Students selected for membership must be enrolled in Regerits-level courses 
in both science arid mathematics . \Further, they must maintain passing grades 
and continue to enroll in the Regents-level courses. Ninth graders would 
necessarily then follow a 4-year sequence in both disciplines. Required team 
activities include one monthly visitl to a preplanned Industrial presentation 
which emphasizes the impogtagce of afc least one fundamental s cience pri nciple 
upon which that industry f s product (s)\ or seryice(s) are based. (See Appendix 
A which lists industrial presentations.) Conducted during school hours, but 
located at an industrial site, the presentations are seen as a function of the 
student's school program, although initiated, developed - 9 and funded by 
PRIS 2 ff. 

One additional required team meeting each month provides opportunities for 

a variety of activities including science \f air project development, career 

awareness seminars, financial aid programs \ for seniors, and special seminars/ 
programs bri science/mathematics current issues. Held after school hours, 
these meetings are conducted jointly by a team "Coach" from the school 
building and several. team "PROS," or role models from one or more of the local 
industries supporting PRiS 2 M. Social events), fund. raising activities' arid a 
team comradery develop a sense of belonging als well as interpersonal support 
systems between team members. For minority students, heretofore noticeably 
affected by a negative peer pressure towards science arid mathematics, the team 
concept has played a significant role in reversing this peer pressure, now 
making it positive. A 

Additionally, three special summer programs \f or PRIS^M team members 
round but these unique interventions for our students. A 3-week Science/ 
Mathematics Summer Workshop emphasizes direct learning "hands-on" experience 
for 100 ninth graders. Foiiowirig the tenth grade^a 1-weefc biology-based camp 
experience continues the sequence of special programs. After. the eleventh 
year, a 9-week "Orientation to Engineering" program includes 1 full week at a 
local university followed by 8 weeks of internship training for which sfijjierits 
are reimbursed by the industry in which they work. \ Under direct professional 

s up er vi si on , the s e students work in the laboratory , computer center, 

engineering facility, or other technical operation. \ The PRIS 2 M program 
enjoys considerable status arid is credited with changing noticeably the 
attitude arid work ethic of many of our students, fney simply seem to be 
different students as entering seniors than they were as departing juniors 
only 2 months earlier. 
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Teacher Involvement 



TeacherVburn but" is often blamed for conditions which interfere with the 
delivery of 'good science education. This includes a wide spectrum of concerns 
such as "too much tbteacH*" "the kids are not interested," " the school does 
hot support science," "too many nonteachlng duties^" "^.Y 81 *?^?!.?? ?Y 
teaching," "no consistency in my^eaching atssignment," and "pareuts do nbt 
support science." I believe "burn out" Indicates a lack of satisfaction and 
incentive for the job of teaching science* Many of the above concerns can be, 
blamed for this and certainly add to the "drudgery" of teaching science as 
perceived by many science, teachers. The status of science education has been 

lowered to second class throughout the school curriculum, and the role of 

science in pur society generally has resulted in a populace which is largely 
scientifically illiterate. 

Teachers are migrating out of the profession with good reason. Some enter* 
industry for better paying jbbs^ others change careers to escape bells, 
cafeteria duty, and dwindling student, interest. But stills I attribute many of 
-the_4bsses ±b _the_-lacfc of professional satisfaction and incent ive. — to quote 
Tom Lamme ina recent (December 1982) letter to the American federation of 
Teachers (AFT), "Many qualified teachers are dissatisfied with more than their 
economic status. Once they have mastered the challenging emotional demands of 
teaching, many discover that the intellectual challenge is inadequate. They 

are bored... .Too many teachers can only watch as the exciting sweep of 

technological progress passes them by. They may try to ke.ep up as hobbyists 
or readers, but there is little opportunity^ for them to become involved 
firsthand. School districts are content that classes are i * covered* and 
provide lttle incentive for coursework beyond a certain level. Teachers who 
pursue their interests in technology at their own expense often find 
themselves in demand by industry.. The next surge of industrial expansion will 
take more of these teachers but of the classroom and open more attractive 
options for those qualified graduates who are needed as new teachers i" 

Can anything be done about this? PRIS 2 M f s long term objectives include 
the development of positive attitudes and renewed enthusiasm on the part of 
science teachers for the career of teaching science. Efforts in this 
direction are multifaceted and provide teachers with a variety of prof essionai 
experiences for which they are employed during out of school hours and summer 
vacation. 



Ne w Curriculu m Deve l op ment: 

To date the most significant of the professional opportunities has been 
the formulation and development bf_an entirely new junior high school/middle 
school science curriculum for the Rochester City School Districts This effort 
alone has directly involved 50 teachers over the past 5 years and has resulted 
in an unique process skills curriculum which incorporates several very, special 
roles for the science teacher. In fact, as in any curriculum development 
project, the commitment of the principal contributors extends well beyond the 
initial involvement and of ten results in increased motivation, renewed 
enthusiasm, and increased self-esteem. This aspect of PR±S Z M represents one 
of bur major responses to the problem of "Teecher Shortage in Science and 
Mathematics." 
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Although the entire process is important to the development of a new 
curriculum, I will discuss here onlyr^the salientv features pertaining to 
teacher motivation and incentive. » First, each selected science and 
mathematics teacher becomes the principal author of one completely hew science 
unit. All of the principal authors also develop at least one module S 
(activity) for each of their counterparts' unit*. , Social studies writers 
develop modules for each principal author's unit, while an English/reading 
-specialist oversees the grammar, reading level, and appropriate student 
jargon. A graphics specialist works with all writers^ arid a grade level 
project coordinator supervises the entire process. Checks and balances 
throughout have helped to ensure th^t the overall unit objectives are indeed 
satisfied by the content developed for each unit. The resulting science units 
soon appear in pilot classrooms where they' undergo intense scrutiny . 

A" 

Pilot testing is, of course, carried but by science teachers, in many 
cases different teachers than' those who authored the material. This level of 
involvement requires inservice training sessions (conducted by the unit 
author X and critical feedback sessions which enhance the filial curriculum 
format and content.. Pilot testing is considered nearly as important as the 
author/ teacher involvement arid expands the scope of this project in terms of 
the total number of professionals. 

Summer School -S£af£ . _ 

Teachers work hand-in-hand with professional minority role models to 
deliver the three summer programs referred to earlier. j?_ur 3-week long 1 
Science/Mathematics Summer Workshop is managed by brie mathematics teacher, who 
essentially fills the role of principal for this program. The teaching staff 
consists of six additional teachers who have found their summer experience so 
rewarding that they begin calling in to inquire about preparations and plans 
as early as February. By the way, some of the summer workshop activities have 
found their way iritd these teachers' regular classrooms, and a few activities 
are nbw built into the overall curriculum project mentioned earlier. 

Additionally, two teachers conduct a special science camp for post-tenth 
grade students, and two others teach during the 1-week " Orie ntati on to 
Engineering" for post-eleventh graders, — ■ * 

Even more unusual perhaps are some of the specific components of the 
PRIS^M curriculum. Let me discuss how some of these components tend to 
blend many of our concerns regarding the status of science teaching into a 
functional mbdel—at least bri a small scale. 

Unique Features of the Curricu lum 

The curriculum development process represents a unique kind of teacher, 
inservice training for the writing staffs Our process combines research on 
science teaching from the National Science Teachers Association (N3TAJ > 
studies regarding the early adolescent from the National Science Foundation 
(NSF) , trends in science education from the National Assessment of Educational 
Progress (NAEP), current literature bri science activities, and process skills 



5203 . 

* 



V4 f 

appropriate to the junior high school student. Further consultants have 
impacted 911 the thinking of authors/ teachers as they help tp formulate goals 
and_ techniques designee: to deliver science to students iti a motivational way, 
while incorporating meanipgful science skills and experiences; 

__ ____ \ 

Once the curriculum materials have been prepared, the writing staff become 
the teacher trainers for a cadre of pilot teachers, - in this way the curtent 
research findings as well as the new activities and 'approach to teaching 
science are enthusiastically conveyed to a larger audience. Remember, tod, 

that the writers and pile t teachers work together in the school district 

providing immediate feedback and support when questions arise. This invplve- 
ment with writing and teacher-training seems to enhance their commitment to 
the science teaching profession, to say nothing of their increased enthusiasm 
for teaching a unit which they authored! 

the Curriculum Format 

1 - v __ _ 

Also unique to this curriculum is a degree of flexibility which allows th* 
teacher some choice of units to be taught. Required units will ensure that 
basic process skills are covered,: Ghblbe units may be drawn from a; jrepeftbire 
of other PRIS 2 M units, of even a strong "content" based or "textbook" unit 
of the teacher's choice may be included. As stiicients in junior high school 
need to learn to make decisions, sb are Jeachers asked tq do^tfce same. If, 
for example, a teacher „ perceives the need for his/her class to study certain* 
content areas', then the opportunity exists during the choice, units to do £b. 
Still the overall emphasis on development, of process skills will^ not be 
diminished. Some teachers, less willing to forego their traditional curric- 
ulum, have accepted bur new approach because it doesn't limit them from 
teaching a favorite unit -or chapter from their own repertoire. 

V * 

The Teacher Module f 

Most significant of ail the unique features perhaps is the development an£ 
incorporation of the Teacher Module as a part of the new curriculum . Simply 

stated, each science teacher is required to carry but some form of ongoing 

science exploration and tb continuously share both thet process and the results 
with "students. The importance of this type of role modeling should not be 
minimized, ' 

When students perceive their teachers to be actively involved in their 
chosen field personally as well as professionally, the development of a role 
model image begins to form. This image may very well enhance the status of 
science in the eyes of bur young people, since their teacher is seen not only . 
to be a teacher of science, but one whafinds the tenets of the profession 
worthy of being incorporated into private life. 

Many teachers exhibit tfieir particular field of expertise beyond the 

classroom. Music teachers are likely to be involved in the performing arts by f 
playing in a concert orchestra* a_ local band, or by teaching youngsters music 
through private lessons. N Physical education instructors often are involved in 
sports and -physical traiatog* outside the school day. To a somewhat lesser 
extent, teachers of otheiWpeciaUzed subjects continue ..to pursue various 
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facets of their training through personal time activities, such as the English 
teacher who writes poetry, the history teacher who serves as a Community 
Historian or the industrial arts teacher who designs and builds furniture as 
a personal business* 

The "Teacher Module" is the vehicle which allows the science teacher to 
role model the scientist. It formally establishes a place in the curriculum 
for the teacher to select a, problem, activity, study, or science-related hobby 
to pursue and share with th^ class on an ongoing basis. — 

To encourage this, PRISTS has initiated several incentives for science 
teachers. First, the Rochester Council of Scientific Societies (RCSS) has 
enthusiastically begun a series of meetings between active industry-based 
research scientists and city school science teachers. Major outcomes of the 
first of these meetings include a review of research principles used by active 
scientists ahd_a discussion based on some of the current research in progress 

right here in Rochester. Also, because RCSS provides many of the local 

science fair judges, considerable discussion centered around the attributes 
of a good science project, including heavy emphasis on process, diligence, 
interpretation of data, and formulation of new problems. The second 
incentive, offered by the City School District (CSD5, is a small grant for 
special equipment or materials needed by the teacher for his/her research 
project. An unstated incentive resulting from direct contact between 
scientists and teacher is the development of personal contacts which will 
enhance the delivery of science to bur students. 

One anticipated long term outcome of this relationship between science 

teachers and scientists is the eventual utilization of teachers by area 

scientists for carrying but some level of_supplementai research in the science 
classroom. Beyond this, we anticipate some degree of significant summer 
employment for selected science teacher researchers. 

Program Resu l t s 

Of the fifty curriculum developers involved with PRIS^M, two are 
currently enrolled in Ph.D. programs , concentrating in the field of 
educational evaluation, one editor how edits the Science Teachers Association 
of New York State monthly newsletter, two are currently editors/supervisors 
for final editions* and the rest are still teaching. There have been no 
lbssestb hew careers! By way of contrast, during the same 5-year period, 18 
other CSD classroom science teachers have ieft the classroom altogether. 

Over the past four years, 169 students have participated in bur 
Orientation to Engineering program. One hundred eighteen are how high school 
graduates, 66 are currently enrolled in college - 9 and 33 are how in engineering 
schools; 



Re cbmmenda t ibhs 



Develop a process for upgrading the status of junior high/middle 
school science eudcation A including a process for identifying and 
selecting science teachers committed to working with the early 
adolescent. 
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Support. the development of junior high/middle school science 
curriculums which are based on: 



a. development of basic process skills and integrated process 
skills ; 

b. providing student* with some choice of topics within the 
curriculum; and 

c • requ^fiig^<5e~^?I^^ ~ 
component of the curriculum. 

Encourage and support the participation of^ science teachers in the 
development of curriculuas, curricuium^revision, inservice training, 
pilot projects, and ongoing revision and evaluation of local science 
programs. 
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APPENDIX A 



INDUSTRY PRESENTATIONS 



INDUSTRY 



Bausch and Lomb 
Case-Hoy t 
DuPont 

General Railway Signal 

Gleason Works 

Kodak Apparatus Division 

Kodak Park Division 

Ragu f Foods 

R. Communications 

Rochester Gas and Electric 

Rochester Products 

SYBRON/Nalge 

SYBRON/Taylor 

Xerox 



TOPIC 



Optics 

Color Reproduction 
X-Ray Technology 
Electromagnetism 
Motion Transfer 
Microprocessors _ 
Chemistry of Silver 
Microbiology 
Sound Waves 
Power Generation 
Mr Pressure 
latent Heat 
Electronics 
Computer-Aided Design 



TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS : 
WHAT IS HOUSTON DOING ABOUT IT? 



Patricia M. Shell, Superintendent for Instruction 
Houston Independent School District 



There were days during the 1978-79 school year when as many as 6,000 
secondary students in the Houston indepe ndent School District sat in 

mathematics or science classes with^tTarc er t lfi e d t e ach er- * On Sep tem b e r 1 , 

1978, there were 47 secondary science and mathematics teacher vacancies in the 
district. On September 1, 1982, there were two mathematics teacher vacancies 
and one science teacher vacancy. This dramatic change resulted from specific 
actions the district, the Nation's sixth largest, has taken to address one of 
education's most critical problems. 

It is important to have an understanding of the circumstances which Were 
the impetus for the district's actions. In the second half of the 1970's, the 
Houston Independent School District was facing many of the problems common to 
urban school districts across this Nation, Approximately one-third of all 
public school children are in urban districts which are responsible for 
educating a mobile population, with large numbers of children who are 
economically and educationally disadvantaged .bilingual or from one-parent 
families or families in which both parents are employed. 

The Houston Independent School District provides an example. Approximately 
195,000 children, or one-tenth of all children enrolled in public schools in 
Texas, are enrolled in the Houston Independent School District this current 
school year. The student body is 43 percent black, 32 percent Hispanic, and 
22 percent white, with a growing number of children who are Asian/Pacific 
Islanders. Approximately 6,000 pupils are children of undocumented workers. 
This year 29,000 children have been identified through testing as having 
Limited English Proficiency (LEP). While the majority of those have Spanist 
as the other language, 96 discrete dialects have been identified. Compensatory 
education programs serve over 50,000 children, and approximately 100,000 are 
eligible for either free or reduced cost lunches. 

; There are 20,000 handicapped children in programs of special education. 
Of all pupils, 70 percent have neither parent at home during the day and 38 
percent come from single-parent homes. The mobility rate for the district as . 
a whole is 39 percent, and some inner-city elementary schools have a 99 percent 
mobility rate. A major school-operated transportation system carries students 
to the 240 campuses scattered throughout the 311 square miles that comprise 
the district. An operating budget of approximately $500 million is approved 
for the current school year. 

To all of these complex factors, add the problems of sheer size, the" 
difficulties of moving about in a large city without an adequate nass 
transportation system, the media's continuing portrayal of urban schools as ^ 
places of violence, and the discrepancy between teachers' salaries and salaries 
offered by business and industry in a metropolitan center dominated by finance 
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and the petrochemical industry. These are the factors which contributed to 
the increasing difficulty the Houston Independent School Disrict was haying in 
1978-79 in filling science and mathematics teaching positions, especially in 
tfee inner-city schools where high staff turnover was common. 

THE PROBLEM 

On September 1, 1978, there were 34 secondary mathematics teacher vacancies 
and 13 secondary science teacher vacancies in the Houston independent School 
District, With each teacher scheduled to teach five a day, this meant 

^^_a^>tai=of^235 classes of mathematics^and science, e ach with an average 
of 25 students for a total of at least 5,875 students^ did not have a certified 
instructor. Investigation has shown that there are probably large numbers of 
students who graduated from certain large high schools having received nearly 
all of their secondary science of mathematics instruction from substitute 
teachers. * 

Not surprisingly* there was, in this same time period increasing evidence 
that while achievement test scores of the Houston Independent School bis trie* 

elementary level students continued to climb, secondary students were not 

achieving at expected, levels. The district was also experiencing a shortage 
of teachers in special education and bilingual _ education. There was, 
moreover, evidence that some teachers currently employed did not themselves 
possess a level of skill sufficient for their teaching assignments. — During 
this and the next school year, it became clear to the top administration that 
the teacher crisis—the shortage of qualified teachers in critical fields such 
as science, mathematics, and bilingual education—had become the single, most 
critical issue facing the district. That perception was clearly stated in a 
report to the Board of Education: 

What is the teacher crisis f The teacher crisis is a 
dramatic shortage of teachers in critical fields such as 
mathematics, ' science, _ and special education . I t is high _ 
teacher turnover in urban schools resulting in detrimental 
instability in urban classrooms. It is placing before bur 
students, teachers whb_ themselves cannot read, write, and 
compute in an acceptable manner. It is high absenteeism 
and low morale. It is a complex conglomeration of factors 
which has resultedin widespread wavering from traditional 
standards of excellence. At a time in the history of 
civilization when the demand for learning is greater than 
ever before, the ability of the public schools to perform 
the task has been seriously jeopardized. 

HOUSTON INDEPENDENT SCHOOL DISTRICT'S RESPONSE TO THE PROBLEM 

The district 1 ^ responses to the problem, an incentive pay plan and a 

school-based retraining program, have been a dramatic departure from solutions 
traditionally espoused in public education. But the approach to introducing 
these plans followed. the pattern set during the last 9 years by the General 
Superintendent, Dr. Billy R. Reagan. That approach , is to communicate the 
scope of the problem in every way possible to ail segments of the community — 
school staff, parents, business community. Staff vacancy reports and student 
test scores were made, public in every available forum. 
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Widespread community sSppbrt was expressed when the Board of Education 
adopted the Second Mile Plan, an incentive pay plan for teachers, effective in 
September of 1979. The plan* an expression of determination to attack the 
teacher crisis aggressively, was haomered but without benefit of precedent or 
example, for while the concept of incentive pay for teachers has long been 
debated in education circles, it has never been comprehensively worked but and 
implemented until now. As of September 1982, Houston remains the only major 
urban^chool system to implement such a plan. 

The Second Mile Plan targets four specific areas: 



• 4?P?9 v ®? e ?? .instruction; 

• shortage of teachers; 

• staff stabilization; and 

• recbgni t ion of teaching as a rewarding career. 

The purpose of the plan is to reward those teachers who go beyond the 
minimum, required to meet the instructional needs of their students, teachers 
who go -The Second Mile." The plan provides financial incentives over and 
above their normal salary to teachers who teach in curriculum areas or campus 
locations where critical shortages exist. 



Teachers must meet certain, minimum requirements to establish eligibility 
for stipends and then must apply for each stipend. To be eligible, an 
employee must: 

9 hold an appropriate valid teaching certificate bit permit; 

• be assigned to a school or instructional site;Y, 

• be paid on a teacher salary scale; \ 

• have an 'acceptable perfarmance evaluation; 

• have limited absences (there is currently a plan which allows 
absences to be averaged over a 3ryear period* with a 3-yeat 
total not to exceed 15 days, or 5_days per year); and 

m be a fiilitime teacher -^ursey br~librarian. 

to employee may qualify for a bonus stipend in each of six categories^ 
which are obviously consistent with the four main target areas the plan was 
designed to address: 4 

• Contributing to , Out standings Educational Progre ss by 
Students 

Previous academic achievement and a numbev of other 
factors are used to predict the expected test score 
averages for each school campus. If the school* 8 
average score exceeds the predicted scow, each 
eligible teacher receivesan $800 stipenu. ^This 
component is especially attractive to the business 
community which is accustomed to rewarding 
demonstrated productivity 
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• Teachtng tn an Area of Critical Staff Shortage 



Each year the personnel office determines the 
Instructional areas which have critical staff 
shortage, with preference given to areas under Federal 
mandate or required for graduation. Since; the 
inception of the program 4 years ago, stipends have 
been given to teachers of science and mathematics, 
bilingual and special education. Currently, high 
school mathematics and science teachers are eligible 
? or ? t ^P? n 4? i _ Stipends for special education 
teachers range from $600 to $966. Bilingual teachers 
may— earn an extra $1,0067 — IL Is anticipated that — — 
these stipends will be raised within the current year. 



• Teaching in a High Priority Location 



Teachers who remain in schools with high 
concentrations of educationally disadvantaged students 
are eligible for a $2,000 stipend. 

• Maintaining Outstand i ng Teacher Attend ance 

While an attendance factor is included in the 
eligibility requirements, special stipends may be paid 
to teachers who exceed these baseline requirements or 

are absent 5 or fewer days during the year . The 

teacher must work in the district the following year' 
to receive the stipend. 

• Participating in Profe s s i ona l Growth Acti vities 

Teachers completing college courses in curriculum 
areas related to their teaching assignments - or in 
areas of teacher- shortage are eligible for stipends. 
Those who voluntarily attend district approved 
inservice may also apply for professional growth 
stipends. _ For each 6-hbur block of college coursework 
or each 72 hours of approved inservice, the stipend is 
$300. 

m Unique C a mpus A s s i gnme nt 

Teachers who teach at a campus, for which no test data 
are available either- because the students are not at 
the school long enough tb_ be -tested or because the 
students are hot able to be tested using standardized 
tests, _may_receive the unique campus assignment ' 
stipend. Teachers receive stipends ranging from $450 
to $750. These teachers are not eligible for. the 
'outstanding educational progress stipend. 




Predictably, reactions to the Second Mile Plan have been varied. As 

noted, the business community hassuppbrted both the concept and the - 

expenditure of , several million dollars each year to implement the incentive 
pay pl'in. The three teacher organizations representing Houston teachers have 
opposed the plair, arguing that funds spent for the plan should be used to 
provide across-the-board raises or fringe benefits for all teachers. But more 
than half of the district's teachers responded to a research department survey 
that the plan should be continued. Those who received stipends rated the plan 
more favorably than those who did not. 

After 3 years of operation, many positive results of the plan are evident. 
In the four critical areas for which stipends are paid ^ total beginning of the 
year vacatict** 4»n<r»a**A frnm 195 f n 1979 to 30 in 1 982. D uring the year s 
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from 1978-79 to 1981-82, total district teacher turnover for all reasons as 
reduced by 6.8 percent. Absences of teachers in the critical staff areas were 
reduced from an average of 10.3 days a year in 1978-7? J:o^.7.1 days in _ 
1980-81. Over $17 million in stipends has been paid to teachers during tKit3 
3-year period - 9 with many eligible teachers augmenting their salaries by more 
than $3*000 per year. Title I funds are used for the high priority location 
stipends; all other stipends are paid from local funds. 15 

' The district continues to monitor the results of the |econd l^le Plan and 
to modify the plan to meet changing local needs. There is ample evidence that 
financial rewards to teachers through a carefully administered incentive pay 
plan can help meet one of education's major crises, j 

During the 1981-82 school year, the Houston Independent School District 
implemented^notte^ 

shortage of oathematics and science teachers. Project Search is a local 
school district staff retraining program, operated in conjunction with local 
universities , which identifies- and recruits already employed teachers into 
training programs leading to certification in mathematics and science. 
Elementary level teachers with some cbilefe-cred^ts in matheiwtics or science 
and an interest in teaching one of these subjects atr^tliejiddle/ junior high 
school level were put into ah intensive tuition-paid program this past 
summer. Likewise, middle/ junior high school teachers were recruited for 
training programs leading to certification for high school science or 
mathematics. 

The district not only paid for college tuition and books, but paid these 
teachers a |250 per course stipend as well. The $250 stipend was contingent^ 
upon an A or B grade. Teachers in the program signed agreements to remain in 
the district for 3 years in mathematics or science positions or else to repay 
the district the cost of their training. » 

Over 300 teachers came to an orientation meeting designed to recruit 50 
teachers for retraining as mathematics teachers. Careful screening for good 
•academic records, good evaluations, and good recommendations from principals „ 
followed. 
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At the end of the first training cycle this sammeri 34 teachers were 
placed in new assignments as mathematics, or science teachers, in spite of 
careful screening, some applicants could not maintain the required all A and B 
grades and were counseled out of the program. Two participants have moved 
from the district. 

A total of $68,511 has been expended in this program to date. ^ 
SUMMATION 



These are the major actions taken by the Houston Independent School 

District to address the sho rtage of ma thematics _QJid_S££§n&f^ A 

determination to address the whole issue of the image of the teaching 
profession, the number and equality of studentsjbeing recruited into the 
profession, and the quality of the teaching-learning process permeates the 
district and is expressed in many ways. Standards tot promotion and 
graduation are being raised; a comprehensive staff assessment and assistance 
program is underway; technology is being used to support the instructional 
process and plans are proceeding for the opening of two magnet high schools. 

The Houston Independent School District will continue to take whatever 
actions are necessary to assure that its students have qualified teachers in 
all subject areas. 




:> 



211 



DISCUSSION OF 
SCHOOL SYSTEM RESPONSE TO THE PROBLEM OF 
TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS 

Charles Thomas, Superintendent of Schools, 
Nort h Chi cago Public Sch ool^istrict_Nb^__6$,_ 



As a practicing superintendent for the last 10 years, I am interested in 
efforts undertaken to solve the problems of the shortage of mathematics and 
science teachers -. The presentations we have heard attest to the variety cf 
concerns and the kinds of activities that are being tried. 

The Los Angeles story, in my opinion, is an eclectic approach to the 
problem of the shortage of teachers. I applaud the wide range of activities 
and considerations that are involved in the tos Angeles program. I did not 
have any major concerns with it. I think that the activities to upgrade, 
retrain, and credential teachers are extremely important as we deal with the 
shortage. 

I do not feel that the school system had time to consider some of the 

theoretical concerns of the various activities^ This is understandable 

because the requirement for school systems is not deliberation on theoretical 
underpinnings of the program, approach but immediate, movement , action, and 
responses to educational pfoblems^ such as the teacher shortage . -_ 

One important thing Los Angeles is s doing simiiiar to my ' school system, is 
involving the military as Well as industry in their endeavor. North Chicago 
is unique in that 50 percent of our students are connected to the Great Lakes 
Naval Training Station. Further, we involve Abbott Laboratories, one of bur 
largest taxpayers • They have donated microcomputers to bur school district. 

I applaud the HtIS 2 M program for taking the T initiative to increase the 
number of minority students capable of entering schools of engineering. While 
some may say focusing in on minority students might be narrow* I think the 
curriculum development outcomes and the other activities improve the 
mathematics and science curriculum and have systemic values. So in the long 
run you are improving your educational system at the same time you are 
creating a climate for success amongst minorities. 

One of the program's dangers, I would say^ could be the development of 
elitism among the participating students. But on the other hand, if you are 
getting increased student interest in participation, if you are increasing the 
numbers, which is your objective, then certainly in this case elitism is not 
bad. 

I like the idea of the teacher module. Many times whjjn we recruit 
teachers, if I am recruiting an art teacher I will ask, "Are you an artist or 
an art teacher?" This is a very difficult question for taany applicants to - 
answer^ Usually they come back with some kind of response which will come 
down the middle t to indicate that they do have the talent to perform but that 
they are interested in teaching and their commitment is to teaching. 
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I think there is no better way to stimulate young people than to have 
science teachers, some part of the time, acting as scientists and 
demonstrating that capability^ ?o I like the idea of a "scientist in 
residence" type of model which Douglas Seager talked about. The program in 
Rochester exemplifies the kind of things many school districts are talking 
about ^ whe n - the y talk - about, c obpexat ion "With industry 7" 

- Patricia Shell, in Houston you_ need not apologize for having the money. 
If you have the money * spend it. _Ybu had a teacher problem. You responded to 
the problem. You had the monies for programs so I recommend that you should 
-continue your programs as long as you're getting results. 

Some may comment, "Well, what about the district's overall teacher force 
quality? Are ybii doing anything on that end of the spectrins?" I believe that 
you are concerned about the quality of ail teacher3i From what I know about 
Houston and Billy Reagan, your Superintendent, I'm sure you're attacking that 
particular problem, too. 

One concern—it might be because I really /don't know enough about the 

program — "are you rewarding people beyond the minimum? What about the ordinary 

teachers? Does it promote in some way a kind of mediocrity? Another concern 
might be: How practical is it nationwide? 

I know you are concerned about Houston, but I have a concern about the 

problem in general, as I'm ^r ur e^oq do , _toOj_9<L-gbg- practicality, of JLtL jaight 

be a concern," Sg¥in7~f ryou have the money and you are In a position to spend 
it, the outcomes — while we may cavil from a moralistic point of view — indicate 
that it works. 



E.B. Hbwertbh* Jr.* Associate Superintendent for 

Personnel and Administrative Field Services, 
Department of Education, Commonwealth of Virginia 



I'm going to take the liberty of jumping to the end of my remarks. 
Frankly, I think Dr. Thomas expressed it very well. We had an opportunity to 
confer just long enough to decide that we were in total agreement. There is 
absolutely no question whatsoever that the three plans presented are workable. 
They are plans which tbejre should be ho apologies for whatsoever. They are 
programs that we have had the opportunity in bur own Commonwealth to review, 
to consider, to implement to a certain extent. 

Very quickly, Virginia happens to be a State in Which 38 percent of all of 
the school divisions indicated this past school year that they had extreme 
difficulty in securTng mathematics and science teachers. As a matter of fact, 
42 percent of the division superintendents responded that they were unable to 
secure credentialed persons* in the area of physics. Among bur public colleges 
and universi^iM, which number 36 in Virginia, we had billy nine graduates in 
the area of physics, and only two of those pursued a career tn teaching, i 
don't think these statistics are unlike those which are found in many other 
States* 
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Let me share for a couple of minutes some of the cautions that I think can 
be extracted from the three project s, and these relate more to the level of 
affinity which I have than to any position of opposition. 

Oai] I^hi^^-he^u^^^ differentiation Is one which should be 

looked upon very carefully, I am still concerned about the English teacher 
who spends many, many hours at home in the evening grading papers and happens 
to be next door to a mathematics or science teacher who would not necessarily 
have that same task yet would be compensated differently, 

I think we have to be careful in nuking an assumption that to retrain 
anyone necessitates that they take everything that one would have taken just 
as if they were beginning their training from the outset. Corollary to that 
is the doubt that one can be retrained by simply picking up where they happen 
to have left Off many, many years earlier. I dba't think we hav^found, from 
the very limited studies which, have been made of retraining efforts, that one 
retains all of that which one learned ^ many years earlier. 

The issue clearly is multiplied by two other factors* namely, that many 
States (37 States) are considering increasing the requirements for graduation 

from high school by one unit in mathematics, one in. science. And the 

statistics were provided here today that ttiat^ would increase the number of _ 
required sections of both mathematics and science ^anywhere from 15 to 25 
percent depending on-the Stat** in which you~happet^-tO-Tesid e. ^- : 

Fat, one aspect of your program that I had the opportunity to review is 
that of performance as a factor related to pay. I think performance is 
clearly a factor, but I would caution anyone against^sing performance as the 
single criterion* or actual classroom teaching performance as the single 
criterion* upon which an incentive would be afforded* 
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SESSION VII 

PUBLIC AND PRIVATE SECTOR RESPONSE TO THE 
PROBLEM OF TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS 



ARGONNE SUPPORTS PRECOLLEGE EDUCATION 
IN SCIENCE AND MATHEMATICS 

Jfeianita R. Bronaugh, Director of Affirmative Action Program, 
Ar go nne National Laboratory 



_^??°?? e _^ a ?i???i_^^ ora ^? r 7_ ,? ??_ oi: ^?^ xia l|y c ™?*?^_?° perform nuclear . N 
reactor-related research. In recent years the laboratory's efforts have 
expanded to embrace studies of many other energy technologies. The laboratory 
takes pride in the fact that oyer half of its employees, 1,800* are scientists, 
and engineers who hold.advahced degrees and many of whom hold joint 
appointments with the University of Chicago. Interaction between the 
laboratory, and the university community has existed f or a long time. 

However, Argonne i& faced with the fact that, like other research and 
development facilities, it must compete for well trained scientists and 
engineers in a highly competitive national labor market. Because emphasis on 
solving problems of decreasing industrial productivity, environmental stress* 
andriBhiftgTln^t^ demand f or tec hnica l people to 

crisis proportions, innovative ways had to be found to increase opportunities - 
and to effectively utilize highly trained manpower. 

As a member of the research community that has traditionally looked for 

permanent employees from the pool of postdoctoral students, it was in 

Argonne 9 8 self-interest to help* improve the quality of precollege education. 
Therefore, the laboratory's Division of Educational Programs has developed 
several formal precollege activities designed to bring about participation on 
the part of teachers and students in research programs. 

Although there was acceptance of the fact that the Nation's science and 
mathematics education was 16 a pernicious state* the precollege thrust > was not 
readily accepted at Argonne. because of several widely held myths. Among the 

myth 8 were: the goals of the laboratory and the public schools are not 

compatible; certain segments of the society are incapable of understanding the 
concepts and participating in the fields of science and engineering; and 
professional scientists and engineers would not be willing to associate with 
public school students and/or teachers. 

You will note that as I outline Argonne f s involvement in precollege 
programs that these myths have all been dispelled and that sdmeof the 
strategies employed are modeled after other longstanding precollege programs 
like IRISgM in Rochester , New York, and the Saturday Science A cad emy in 
Atlantai Georgia. 

The objectives of our programs are twofold: (iJ to prepare a future 
generation of researchfers; and (25 to increase the scientific literacy of the 
populace as a whole. ' 
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Presently,-: Argonne National Laboratory sponsors and participates in 
programs aimed at assisting precollege students. These programs are described 
below. 



I. High School Summer R esearch Apprenticeship Progr am (HSSR APX 

The' High School Suauner Research Apprenticeship Program is designed to 
encourage* minority and female sophomores to continue their high school studies 
in science and mathematics during their junior and senior years. The students 
participate in a 6-week program which offers exposure to a broad spectrum of - 
energy-related research* programs at Argonne and to Argonne* s scientific and 
engineering ' staff . The program also enhances the students [ educational 
experience by . providing supplemental work in mathematics, science, and 
communication skills. 

« :__ _ : _ - _ _ 

An applicant for the program must be in the upper 20 percent of 
his/her class 3hd have completed 2 years of mathematics (through geometry) , 1 
year of biology,) and 1 year of chemistry. Applications for participation are 
only accepted from. those students attending schools in the Greater Chicago 
Area. Although all the students accepted in^the program mast have i met the 
required criteria, there is a lack of uniformity in the kind of mathematics - 9 _ 
biology, and chemistry courses the students have completed. Therefore, it is 
necessary to begin the program with structured classes to ensure that all 
participants begin irith a common knowledge base. 

During the 6-week program, emphasis « is on small group research 
projects,* instruction in computer science, elements of nuclear physics, 
crystallography, environmental chemistry, and scanning electron microscopy. 
Lectures and laboratory experiments are conducted by an Argonne scientist »or 
engineer. 

There' are other programs aimed at increasing the number of minorities 
and females entering science and engineering in the Chicago area. But until 
the implementation of Argonne* s sophomore prbgrami there was no vehicle for. 
talented tenth-grade students. Prpgrams such as Early^Ede ntificatlon and 
Inroads at Illinois Institute of Technology fociis on identifying the^ 
academically talented student in ihe junior year of high schools Now^students 
who participate in Argonne* s summer program feed into, the ITT Programs during 
their junior year of .high school. After graduation, some of these students 
return tq Argotine to participate 'in the Precollege Program in Science and 
Engineering (PRE-COOP). 

Hi Precollege Program in Scie nce and Engineering (PR E -COQ E) 

' <. 

This program was designed to provide college bound students ah 
opportunity to work with professional scientists and engineers and to 
encourage the student to persevere in his/her studies in, science, engineerings 
and mathematics at college. The competition for this program is very keen. 
Only one of four applicants is admitted to the -program. 

Fmphaiis in this program is on research. Each student becomes a part 
of ah established Argonne research team and either pursues some aspect of the 
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ongoing research independently, or assists with the efforts of the group. 
Each student is expected to prepare a written cogent summary of his/her 
research project. 

III. Adopt-A-School 

The laboratory also participates in the Chicago Public Schools* 
Adopt-A-School Program. This program was initiated by Ruth Love, 
Superintendent of the Chicago Public Schools, in an attempt to improve the 
Chicago schools with resources that are otherwise unavailable to the schools. 

through the program the laboratory provides technicians to repair 
equipment, scientists to give lectures and seminars, institutes for teachers, 
and tours of the research facilities. 

One of the precollege programs Argonne is participating in was the 
direct result of an economic concern for the city of Chicago. 



Iii 1981, Jane M; . Byrne, the Mayor of Chicago, asked Waiter E. Massey, 
Director of Argonne : National laboratory, to" chair a Task Force on High 
technology Development, the primary objective of the task Force was to foster 
the 'development of new science-based business in the city and Improve the 
local economy by providing new jobs and opportunities for its citizens. The 
Task Force 'analyzed precollege education in the Chicago area, and recommended 
that private industries and universities in the area work with the Board of 
Education to help improve the quality of science and mathematics at the 
precpllege level. The Task Force report (1982) states: 

When considering the location of business in Chicago, it 
must be recognized that some areas of the city are 
6 perceived as unattractive with respect to quality of life, 

amenities, and services. One particular concern is the 
quality of precollege education offered in certain areas of 
the city. Good schools do exist and the quality of 
Chicago's schools appears comparable to those of other 
"* major urban areasj however -> the perception of, along with 
the quality of putilic education, heeds to be improved. It 
is recognized that this is a national problem as well as a 
regional one. 

In response to the recommendations made by the task Forced jMr. 
Richard Morrow, President of Standard Oil -Company of Indiana, convened a 
meeting of representatives from high technological industries^ universities^ 
and research facilities in the Chicago area to discuss joint efforts tfith the 
Chicago Public School System that might demonstrate how the educational system 
in the Greater Chicago Area might be capable of producing the quantity and 
quality of skilled personnel required by hew high-technology industries.. 

IV. Chicago Area Precollege— Engineering Pr o gram (CAPCEF) 

As a result of this meeting, the Chicago toe a Precollege Engineering 
Program (CAPCEP) was, established. 6APCEP is a partnership involving , 
industries which employ engineers ~ 9 scientists, and other ^echnical personnel, 

i * " _ . ' i 
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public and private elementary and secondary schools, and colleges. CAPCEP' s 
bylaws state the purpose of the partnership is .to increase the number of 

minorities in science and engineering careers by providing technical, 

financial, and Administrative assistance to Chicago area.^.schboi systems in 
order to enrich, the academic curriculum and develop student interest in these 
careers." 

The program concepts are to be initiated in three phases. 

Phase 1, CAPCEP activities in this phase focus on planning, 

initiation, and evaluation. Six Chicago public elementary schools 

which reflect the ^racial, economic, and social characteristics of the 
school system as a whole have been identified to participate in the 
pilot program. ^Elements of the pilot program consist of 
identification of needs, program development,, inservice training, 
instructional assistance, and curriculum development. 

Presently, the results of a questionnaire completed by 700 elementary 
school teachers are feeing tallied and analyzed. The information 
gathered from this needs assessment will be used to develop the 
inservice training and other program elements designated for Phase I. 

Phask II. During this phase CAPCEP^ activities will be expanded to 
include the high schools serving the feeder- elementary schools 
participating in Phase I. A sequential program plan will be 
developed for the participating high schools. Additional elements 
such as a peer support system* tutoring, career information, and 
recognition activities will be included as an integral part in this 
phase of the program. 

Phase III. The program will be expanded to include all remaining ^ 
elementary and secondary high schools in the Chicago area during 
Phase III. „ > 

f CAPCEP is unique. « Unlike, other existing prfecollege programs in the 

' Chicago area* CAPCEP operates within the structure of the schools, with most 
of the program's activities occurring during regular school hours. 

In addition to the precgjtlege programs already mentioned, Argonne is 

exploring other efforts which will assist in increasing the pool of students 
pursuing science and engineering degrees. Many of these efforts are yet in . 
the embryonic stage. r ^ 

Two of these programs ares TSTM and Saturday Science Academy. 

7. Tomorrows Scientists, technicians - 9 and-Ma nagers Program (TSgl), 

We are presently reviewing a proposal for precoiiege involvement with 
the Aurora Public School System. The program. Tomorrows Scientists* 
Technicians, and Managers Program (TSTM) , is specifically designed to increase 
the number of minorities entering the scientific* technical, and/ or business 
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labor market. Unlike CAP CEP ^ which takes a systemic approach and operates 
within the schools* TSTM will focus on selected minority students in grades 9 
through 12 and conduct its activities outside the school structure; 

VI. Saturda y Science Academy 

We at Argonne are excited about another program that will be 
implemented in May of this year^ The Saturday Science Academy is modeled 
after the Science Academy implemented by the Atlanta Resource Center for 
Science and Engineering. Whereas Atlanta's program is an academic enrichment 
program for elementary and middleschbbl students in grades 3 through 8, 
Argbnrie's program is designed to focus its efforts on highly talented students 
in the 4th grade. 

We are attempting to plant the science/mathematics germ in kids at a very 
early age, hoping that with proper encouragement and development some of these 
students will become the scientists of tomorrow. 

Our initial efforts will be a pilot program fbr 15 participants for a 
6-week period. Because we_ are scientists and ehg irieers--re searchers , not 
educators — we sought and. obtained the services of curriculum specialists from 
surrounding colleges and universities to assist us in this program. Staff 
scientists and engineers have submitted suggestions and volunteered to give 
lectures and/or demonstrations. A comprehensive evaluation is planned before 
the program is expanded. 

These are programs that we are very excited about! 

In our eagerness to respond to the numerous requests for assistance from 
the Chicago area schools, our approach to precbllege science arid mathematics 
education has been an eclectic one. We are how raising the questions: Is 
more better? Should we respond to all requests for assistance? Are ^he 
students deriving benefits from bur programs? Are we utilizing our resources 
effectively? « 

The precbllege activities are now being evaluated to determine the impact 
of the programs on students and Argonne personnels Because we are determined 
to offer quality programs, we will undoubtedly narrow bur focus* concentrating 
on those things that we believe we can do best. Whatever direction bur 
precollege involvement takes us in the future* it will be one that demon- 
strates Argonne's continued commitment to precbllege education in science and 
mathematics.^ - 

Walter E_. Massey (1982), Director of Argonne, sets the stage for bur 
commitment when he declares: 

It is in our self-interest as members of the research 
community to make sure that we^replenish scientific and 
technical talent for future generations* andit is in 
bur self-ijiterest that the populace as a whole become 
scientifically and technically literate. 
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SCIENCE MUSEUMS AND SCIENCE EDUCATION 



Bonnie Van Dor n, Executive Director, 
Association of Science-Technology Centers 



To Complement science education in schools, science museums offer programs 
at the cutting edge of science education activities in the United States and 
the world. For example, there are mobile computer van programs, science 
camps, programs for handicapped youngsters, teacher inservice training, and 
the use of participatory exhibits. This paper describes many of the excellent 
programs offered by the approximately 100 museums in the United States 
belonging to the Association of Science-Technology Centers. 

The variety of science museum programs is^ striking and addresses the needs 
of diverse audiences. The programs are designed for many age groups, ability 
groups, interest levels, and educational leyels from preschool through higher 
education. The types of programs are equally diverse, ranging from the very 
informal exploration of exhibits in museums to formal classroom situations 
where graduate credit may be offered. A common characteristic of museum 
education programs is the involvement of other education agencies, private and 
public organizations, and the media. These collaborative efforts often have a 
long history preceding the current emphasis on encouraging partnerships among 
schools, government, and the private sector. 

Encouraged by the public enthusiasm for science museums, many communities 
within the United States as well as other countries are planning or have 
recently established new science .centers or a new educational emphasis for 
existing museums • These contemporary science museums are dedicated to 
improving the public understanding of science and technology. They provide a 
science education resource that is significant and not yet used to its full 
potential. Expansion of exemplary museum programs is possible through the 
creation of more incentives for schools and psepa to work cooperatively, the 
establishment of ongoing funding support, and the formation of a body of 
research concerning education in museum settings • 

Although we generally think of schools when we talk of science education, 
a growing amount of learning about science and technology, is happening in _ 
informal settings outside the classroom. Widely available computer technology 
has made teenagers unchallenged experts at video games and whizzes on home 
computers* There are dozens of popular science publications, spanning a wide 
range of sophistication, from Scienti fic American and Science * 83 to P o pul a r 
Science and 0HNI_ . Although "NOVA" remains the only regular TV series 
dedicated to explaining science, other programs like "The Body Human," 
"National Geographic," "Life on Earth," "Cosmos^" and "Discover" regularly 
attract viewing audiences of 5 to 20 million £Tressel, 1982). 

Science museums aisz attract huge audiences^ Representing ^nly 16 percent 
of the museums in the Nation, according to^a 1974 National Endowment for the 
Arts Survey, they attract 38 percent of the museum-going audience (NRCA, 1974). 
A 1979 survey by the Institute of Museum Services reveals that science museums 
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comprise 18 percent of the museums in the Nation and attract 45 percent of the 
museum-going audience (NCES, 1980). If zoos, plane tariums, aquariums, 
ar bore turns, and nature centers are included, the total annual attendance is 
150 million and equal to the combined annual attendance of professional 
baseball, football, and basketball games (Tressel, 1982). The Nationai^Air 
and Space Museum has an araual attendance of 10 million, approximately the 
same as Disney World and more than all the other museums of the Smithsonian 
combined (tressel, 1980). 

In recognition of the_ popularity of these alternatives that make science 
fun as well as educational, the National Science Board Commission on 
Pre college Education in Mathematics, Science, and Technology states in its 
preliminary report that "•••there is evidence that many students who have an 
interest in mathematics, science, and technology. are not being reached through 
instructional approaches currently used in the classroom. Whereas many 
students do no t_ like school science~and form this opinion by the end of third 

grade — many do like the science and technology they see on television. They 

also like what they encounter at science and technology museums, plane tariums, 

nature centers, and national parks " (CPE, » 1982, p.7) . The Commission 

advocates examining the innovative instructional approaches used at such 
institutions and, where appropriate, applying them to the classroom. 

Many schools are capitalizing oh the opportunity to "extend their walls" 
by_ working in concert with science* museums. Traditionally .systematic 
cbllectioh_activities and related research have been the^priorities of science 
museums. Today their role increasingly emphasizes informal education programs 
Many contemporary science museums known as science centers have no collections 
at ail in the traditional sense, but still value the use of objects to convey 
scientific knowledge and processes in a hands-on way. 

The Association of Science-Technology Centers (ASTC) is a private 

nonprofit organization founded to represent science museums' common interests 
and to provide information and services to improve museum operation. Today 
the Association has 150 nfembers, approximately 100 of which are science 
museums in the United States. ASTC provides a communication network through 
its conferences, workshops, newsletters, and other publications ; a traveling 
exhibition service which manages a tour of temporary exhibits to about 50 
different museums per year; and training opportunities for museum 
professionals.^ The Association is funded by member dues, fees for" services, 
special project grants, and corporate donations. 

ASTC's members are very diverse ^ from the huge Chicago Museum of Science 
and Industry, with its 14_Icres of floor space,- to the tiny Museum of Health, 
Science, and Industry in Cincinnati, which has 2 staff members and is housed 
in the former women's lounge of the^ Union Terminal train station. Half the 
members have annual " budgets under one-half m i l lion dollars, and half were 
founded in the last 20 years. All are nonprofit and provide extensive 
education services to the public, including exhibitions, films, planetarium 
shows, classes for all ages* trips and tours, lectures, and special events* 
ASTC education programs include the following: 

• 93 percent of science craters work directly with the local 
schools to provide educational services; 
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• 89 percent provide programs especially for teachers; 

• . 75 percent have outreach services that bring programs into the 

schools; 



• 33 percent cooperate with universities to offer training for 
degree programs (such as graduate level teacher inservice 
training) • 

The following are examples of the education programs that science centers 
provide. They offer an update to the old stereotype of docents leading hoard 
of students bh tours of halls past glass cases of musty exhibits. These 
programs ate successful in their own communities and have potential for 
expansion and replication elsewhere* 

Computer Progr ams 



With the current hunger for computer literacy md the limited access to 
computer itis truction in schools, science _50seums are experiencing a high 
demand for computer classes. Most science museums have followed the model of 
the Lawrence Hail of Science in Berkeley, offering literacy classes for all 
ages as well as opportunities for individuals to rent time bh microcomputers. 
Whole school classes can register- for lessons taught by museum staff in labs 
equipped with 15 of more computers. 

A good example of the science museum community's response to this public 
demand is the Chicago Museum of Science and Industry's program. Their spring 
1983 program catalog. features 36 different, 5-session computer classes for 
anyone 10 y ^ars or older* 

Several yeaF s _^S°» tb^.?* 8 ???.^ 8 ?™. 0 ?.!?* 611 ?? sid Industry In Portland 
initiated a computer club for gifted high school students. Working with ah 
advisor the students produced programs of commercial value for the /local 

community. The museum's more recent efforts emphasize younger chiiflren-4 ~- 

introduction. to cbmputers_thrbugh classed for grades 1-3, using the Turtle 
graphics of LOGO and PILOT. 



Last summer, Pacific Science Center in Seattle worked in cooperation with 
a local private school, which provided the facility, and several computer 
manufacturers, who supplied equipment^ to of fer a computer camp so popular 
that extra sessions had to be arranged." For a tuition fee of $175, students 
spent a week , becoming familiar with computers and learning to use them as 
tools to analyze marine science data they collected at Puget Sound beaches. 

Ih order to make > their_prbgrams accessible to additional audiences, 
museums ih Sah Francisco* Portland, and Seattle operate computer vans, and The 
Space Center at Alamagordo, New Mexico, plans tb circulate one -later this year 
The Seattle computer van program has been selected for the National Science 
Teachers Association's top award this year in the "Imovation in^iementary 
arid Secondary Science Teaching" category. The van brings 2 instructors, 15 
Apple computers, an3 fcysriety of daylong lesson plans i to public and private 
schools. Funding is provided by user fees and grants from foundations and 
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corporations. Portland supplements their van outreach program with a Rent-a^ 
Computer- Person service for groups needing an instructor versed in BASIC and 
PILOT. 



Several centers offer workshops for teachers and administrators to provide 
basic computer literacy as well as to acquaint them .with ways they^can use 
computers to teach science knd mathematics. Teachers need to learn how to 
Select and evaluate _software and courseware, how to manage classroom logistics 
when one microprocessor must serve many students, and how to use the computer 
to help with their own student assessment and clerical tasks. Pacific Science 

Center has provided this service under contract to the Washington State 

Superintendent of Public Instruction arid for university credit, ^ther museums 
may offer their teacher classes independently or in conjunction with local 
districts; Chicago furniphes a choice of five different brands of 
microcomputers for their training programs. This gives educators the 
opportunity to 'compare hardware and software in a ribri^sales atmosphere in 
. order to make more informed decisions about district purchases. 

Teacher Services 

An increasing number of science centers have established links with local 
university colleges of education to offer teacher iriservice training. A__ 
common course offering is "How to Use the_ Museum in Your Curriculum" or "Using 
Science Resources in the Community" as well as many other special science 
topics in environmental education, astronomy, biology, social ^cience* and 
energy education. Frequently offered for graduate credit, these courses not 
drily use the special resources of the mupeum and its staff, but also bft^ri 
motivate an interest in science among teachers who avoided science during 
their previous schooling. 

Teachers can obtain a more intensive science experience at the Discovery 
Place in Charlotte, N.C., the Pacific Science Center in Seattle, WA., and the 
Oregon Museum of Science and Industry; Elementary school educators teach arid 
learn at the science center to improve their own science teaching qualit^arid 
develop leadership skills to conEuct inservice training for their colleagto 
when they return to their districts. This experience earns teachers credit 
towards a master's decree at several universities . 

As well, ^museum educators recognize the important role that classroom 
teachers play in assuring that students make the most effective use of the 
museum. Teachers are encouraged to become acquainted with the museum through: 
free admission incentives i educator open houses, introductory saateriais, and 
pre-visit workshops. 

Equally as important as the museum visit are the fbllowup activities. The 
Franklin Institute Science Museum in Philadelphia has developed the Science 
Enrichment Service , which are kits that teachers can take home to continue 
investigation of a scientific topic their classes studied at the museum. Each 
kit contains a poster, activity sheets, arid a detailed teachers guide for 
further exploration. Other museums distribute children Is publications, loan 
kits, and provide activity packets for additional foiiowup* _ 
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Curri culum ^eve!6j>meh£ 



The Lawrence Hall of Science, part of the University of California at 
Berkeley, is a national leader in the development of science curricula. 
Examples of their published curriculum projects available for school adoption 
include: Science Activities for the Visually Impaired (SAVI) ; Science 
Curri culum ^Jmpfbvement Studies (SCIS); Outdoor Biology Instructional 
Strategic (OBIS); Heal th /Activities Project. (HAP) ; and others. All are 
highly motivational, involving students in the science experimental 
processes. In addition to curriculums, museum educators have developed 
computer software and courseware for classroom use, especially at the junior 
high level. 

Bringing science experiences to disadvantaged students, those with 
handicaps, or women and minorities is a priority of science museums. The 
Mathematics and Engineering Science Achievement (MESA) program at the Lawrence 
Hall of Science provides encouragement for minority students to pursue science 
careers ♦ Ih a similar way* the workshops and curriculum materials of the 
Hall's EQUALS program giVe women students career guidance and incentive to 
elect. mathematics classes ih junior and senior high. The.se model programs 
.have beehemulated ih other cities. > Lawrence Hall also runs very successful 
Math for Girls classes ih their weekend and summer enrichment program. 

The Exploratorium in San Francisco offered workshops for parents, 
teachers, -and administrators of disabled children. Workshop participants used 
the exhibits to experience the auditory ^ tactile and v^tibular perception 
problems often encountered by children with leaning disabilities. This 
helped the participants better understand the problems faced by the children 
and taught them how to use Exploratorium exhibits effectively with them. 

Pacific Science .Center developed a curriculum guide and kits for loan to 
teach marine science to visually impaired children. The activities are 
appropriate for use by all children in mains treamed elementary classrooms. 



Programs fortfte Gifted - 

^ Many science museums offer special programs for gifted and talented 
youngsters. Two exemplary programs are conducted ih Atlanta and Baltimore. 
The Fefnbank Science Center in Atlanta (part of the DeKalb County School 

District) holds a block of intensive science courses for able high school 

students. Bused to the science center daily for the whole term A the students 
have access to the electron microscope, telescope, nature center, and other 
special equipment facilities and expert staff at Fernbank. ~ 

The Maryland Science Center in Baltimore employs over lOO-part-tlme 
instructors, many of whom are Johns Hopkins University 'professors^ to provide 
science classes for academically gifted studentswho heed enrichment and 
accelerated learning. Students are selected by IQ test scores, academic 
achievement, and recommendation to participate ih these college level Student 
Science Seminars. The program is funded mainly by course fees. 



225 

mt ■ 227 



Outreach Programs 



Since science museums are often located in urten centers, many programs 
emphasise exporting the museam staff and resources to more distant communities* 
Besides computer vans, several museums have teams of teachers, small exhibits, 
and "hands-on" lessons that travel in vans to schools for daylong programs. 
Others, including the North Carolina Museum of Life and Science in Durham, 
provide instructors and classroom-sized inflatable plane tari urns for conducting 
astronomy lessons that teach youngsters to use starcharts and to do their own 
evening observation activities. Available for travel from the Portland museum 
are "Tooth or Consequences," developed under the auspices of the Oregon Dental 
Association, "Clang, Bang, Toot— The Physics of Sound," "The Body Human*" and 
other demonstrations geared to primary age children. 

The Franklin Institute in Philadelphia is well known for its fine 
"Traveling Science Show" demonstrations on simple machines, chemistry, 
physics* and energy* which are conducted in schools by Institute staff. With 
the support of a NSF grant, the Franklin institute aisa established exhibits 
and demonstrations in a local shopping mail* Their walk-through exhibit oh 
mirrors and optics has been borrowed by the Science Museum of Virginia for 
display in the Richmond area shopping centers. 

The Center of Science and industry in Columbus, Ohio, uses students to 
spread science activities to the schools. Funded by the General Electric 
Foundation, the Tbiing Experimental Scientists Program brings groups o^ fiv£ 
elementary students and their teachers to the museum for a day of experiments 
and learning and; then provides materials for the students -to repeat the 
activities with their classmates at school. ^ 

__ _* 

A group of dedicated volunteers and a grant from a Pittsburgh area 
printing company makes possible a children's hospital program conducted by the 
Carnegie Museum of Natural Hi story. Volunteers visit the hospital weekly, j_ 
conducting activities about dinosaurs- The program helps to alleviate some of 
the children's fear about a strange environment and the trauma of a stay in 
the hospital. # 

The Ontario Science Centre .in Toronto sponsors *a Science Circus which 
travels to remote communities in the province for 2-week stays. Their huge 
tractor-trailer transports 3,000 square feet of exhibits, a theater, and 
materials for workshops and demonstrations. 
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Special Programs and Events 

Science museum personnel\re expert at devising creative programs to 
encourage learning about science and by necessity are also experienced at 
garnering the publicity, volunteer help, and f inancial^ support to sustain 
them. To follow are a few example* 

Seattle's Banana 500 and Boston' s\egg race are contests which encourage 
participants to propel vehicles carrying the "cargo" by using a rubber fc*ul-Qr 
a mousetrap. These contests are generoully supported by the media and provide 
good community visibility for science and ^cognition for inventive 
achievement • 
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The Camp-In at the Center of Science and Industry in_ Columbus* Ohio* 
provides an overnight camp experience at the museum for 35* 000 youngsters and 
their scout or youth group, leaders annually. Kids participate in science 
activities that they take home on topics such as cockroaches, crystals, and 
mathematics puzzles. 

c 

The Oregon Museum of Science and^ Indus try maintains several resident 
summer camps, of which the best known is damp Hancock in central Oregon. 
There campers use local study sites to explore geology, paleontology, botany, 
ecology, and, astronomy. 

The American Association for the Advancement of Science and ASTC are 
working .together to identify and place in the community scientists who are 
willing to volunteer at science museums.. In Durham, N.C., this program has 

resulted in the science center coordinating the placement of "visiting 

Scientists" in elementary classrooms. The scientists receive some guidance* 
concerning the abilities and learning styles of the kids as well as 
suggestions for activities in their fields that would appeal to the 
youngsters. The teacher and students get to relate to "-real" scientists, 
^dispelling some of the pervasive and erroneous stereotypes. 

In Chicago and other cities, the local public TV station and the museum 
cooperated to offer teacher workshops oil the topics covered in the following 
week's "3^2-1 Contact- program. Exhibits and programsat the museum were also 
coordinated with the weekly themes . Museum staff developed student activity 
sheets to focus a museum visit on topics from the program series. 

These museum programs arid many others riot mentioned hold great potential 
for helping to address bur current science and mathematics education problems . 
The following are characteristics .of science museums thftjfc make them deserving 
of the funding and research support necessary to meet this potential: 

1. Museums provide unique exhibits* facilities, new technology, 
scientists, and educators riot available iri the schools. 

2. The informal nature of the museum environment allows learning 
opportunities that complement the classroom. Frank Oppenheimer, 
Director of, the Exploratorium, explained, "No one ever flunks a 

* museum. .. .Iri contrast to classrooms, maseums provide a 

reversible, deflectable, 3-dimensional form of education" 
(Oppenheimer, ±979, pp. 8-9) i in his opinion, museums are 
voluntary, entertaining, and necessary artificial environments 
for learnings 

3. The museum's general focus bri public understanding and 
appreciatioriSof science arid technology seeks to _ create a level 
of science literacy arid enthusiasm Hn the community in which 
school science program initiatives can flourish; For instance, 
families that attend science museums start their preschoolers 
early with activities to enhance their children's interest in 
science. 
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4. Science museums have a heritage of working with schools, 
businesses, community groups, and governmental agencies in the 
collaborative manner dictated by today's economy. They are 
experienced at attracting volunteer help and media support. 

5. Ma jor museum exhibit programs are cost-effective • The National 

Science Foundation discovered that the costs and potential 
audience of successful science exhibits ate directly comparable 
to the costs and impact of a public television program— usually 
pennies per person (NSF, 1983). Programs stich as the 
Association of Science-Technology Centers 9 traveling exhibition 
service enable costly exhibits built by one museum So tour 
museums in several cities, increasing the potential audience 
more than tenfold. The Exploratorium publishes-an exhibit 
"cookbook** that many museums use to build, their own exhibits 
without costly development and design outlays. 

In recent years the value of science museums as an adjunct to formal 
education and a catalyst for scientific and technological achievement has been 
recognized by leaders of many communities here and abroad, in the United 
States there are numerous small science centers being established, many by 
Junior League volunteers, parents, and educators. _ New science centers are 
starting in Canada, France West Germany - 9 China* Japan, the Philippines, 
Malaysia * Indonesia * Australia, India, Saudi Arabia, Nigeria, Israel, and in * 
other nations striving for technological improvements To accommodate this 
growing trend, ASTC recently created a new category of membership for 
developing museums not yet open to the .public ^ 

these fledgling science centers and the ones that currently exist will 
have _ a much .greater impact oh improving science education if several 
challenges are addressed*: 

1. Partnerships— More incentives are needed to get schools and 
museums working together enthusiastically and for mutual 
benefit.- Establishing successful partnerships requires a 
substantial investment of time and resources initially to 
identify the participants, communicate needs, inventory 
resources, set goals, and arrive at a firm commitment • This 
process does apt happen magically and may take considerable 
effort and funding even before the actual cooperative project is 
undertaken. A first step is to improve communication between 

schools and museums through participation in each bther^s 

curriculum and education advisory committees, at board meetings, 
and through Parent-reacher ^sociations, and o 
meetings. In addition to their boards^ of _directors, some 
science museums have education advisory committees to suggest 
the museum's program priorities in relation to the community 

needs. School administrators and teachers sefcve on these 

committees, assuring gobd schbblHauseum cooperation. Likewise, 
museum personnel should support school district planning 
activities. 
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2. Funding- -Mbst: science museums struggle constantly for support, 
relying largely on earned income,, business and individual 
donations, and, to a much lesse$u-4egree, on Federal grants and 
municipal support. With ttte-^xception of the modest funding 
from theilnstitute of Museum Services, funding from the National 

Science Foundation and other agencies has been for specif ic 

projects of limited duration. Support for developing innovative 
programs is vital, but it does not encourage sustained program 
efforts and may even exacerbate the museum's basic need for 
operational funds* How do we assure museums* basic support 
levef. so that museums, can afford time to fundraise for new 
programs? £ 6 

3. Research" The body of research that exists in other areas, such 
as education, can contribute to what is known about the effectif 
of science education gained in the museum setting, but this must 
be done very carefully and systematically. Research models 
developed for the school setting may not be suitable for science 
museum activities. Tha informal nature and novelty of the 
museum environment and the short duration of contact many 
visitors have with- museums must;be considered. More research is 
needed specifically about museum practices, and about the long 
and short term effects of science museums both cbgnitively and 
affectively. Do museum field trips make a difference in 
classroom learning and behavior?; Jiie there more gains for one 
type of learner or teacher than another? How effectively do 
exhibits communicate their messages? What kinds of program 
designs work best with family groups or very young children? 



It would be a tragic waste not to overcome these hurdles and fully tap the 
special resources of science museums to help address this Nation's complex 
science education crisis,. Joel Bloom, Director of the Franklin Institute* 
reminded us at the National Academy of Sciences Convocation last May that 
"science museums present information. .They Excite people. . .Museums let people 



iearn in their own way, at their own pace, at their own schedule" (Bloom, 

1982).- 
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POLICY ALTERNATIVES: EDUCATION FOR ECONOMIC GROWTH 



Roy Forbes, Associate Executive Director, 
Education Commission of the States 



T he Problem % ' . * 

__i 

Providing high quality mathematics and science instruption constitutes a 
serious challenge* to bur Nation's educational success. This is particularly 
significant at a time wjften it is essenpal^to train our future workers for 
increasingly technical and skilled jobs and to raise the general scientific 
and mathematical literacy levels our country's future citizens. Our 
technological edge is threatened by a shortage of skilled engineers and 
scientists^ Technological literacy is also becoming increasingly important 
for full participation in bur society and for individual personal developments 
Literacy in a technblbgicall^riented society will depend upon knowledge of 
the basic concepts of mathematics and science and an understanding and 
demonstration of their applications; 

- • _ __ >__-__ ^_ 

Not only are experienced mathematics and science teachers leaving the 
profession for mpre lucrative jobs in business and industry, but the number of 
entrants into mathematics, and science- teaching has declined dyer the past ten 
years. Matiy states are experiencing teacher shortages in mathematics and 
sciehce and, as a result^ uncertified or temporarily certified teachers are 
sometimes filling the gap. this solution may appear pragmatic in the 
short-rrun, but it is detrimental to raising the quality of instruction in 
these highly demanded areas. 

National Task Force bh Educat ion for E c onom i c s-Growth 

In response to the severity of the mathematics and science education 
dilemmas facing our country , including teacher shortages as well as other 
areas, Governor James B. Hunt, Jr., of North Carolina, Chairman of the 
Education Commission of the States (ECS), established an ECS Task Force on 
Education for Economic, Growths 

Forty national leaders compose the Task Force, including governors, 
legislators, Reads of major corporations, education of flciais, and 
representatives from labor and the scientific community. Additional , 
representatives from each of these sectors provide a network of knowledgeable : 
advisors to the Task Fdrce. • 

The Task Force is action oriented, "drawing heavily on relevant data and 
resources that already exist. Its focus is targeted on strategies to-improve- 

the quality of high' school education, especially the skills required for ; 

economic growth. The Task Force gives momentum to the growing interest and 
concern among governors and corporate leaders for the quality of our public 
schools. > 
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Specifically, the goals > of the Task Force are to: 

■ . ~t » 

1. Create national understanding of the need for a better educated 
work force that is necessary for economic growth. 

2 • Report on how well current education programs are preparing 
youth for future Jobs. 

3 . Identify alternative policies , programs , and actions to improve 
education which may be used by national. State, and local 
leaders in both the public and private sectors. 

n ' 

4. Promote partnerships ; among cdmmtmity, business, labor, _ 
government, and education leaders to improve education leading 
to economic growth. {• 

Although its f ocus is on education f or economic growth, the fask Force 
remains cognizant of other equally important purposes of public education, 
e.g., citizenship and personal growth. - ' 

Survey of State Initiatives in E ducation 

The initial activity of the Task Force was directed toward governors as 
the officials responsible for^guiding State leadership. A State survey 
developed l^ECS^jstaff requested ail governors to report the programs and 
activities underway in their States that address education problems and 
opportunities* 
/ 

The governors were asked to provide information on activities concerned 
with: 

• improving student competencies in mathematics* science* 
computers, and other academic areas; 

• using computers to improve education; 

• providing incentives to attract, retain, and upgrade education 
personnel, particularly in science and mathematics; and 

• involving citizens and business and industry leaders in 
education. 

* . : 

Almost 40 states have responded to the suryey to date. Although each 
State reported a .unique set of initiatives for each problem area, most of the 
responses fit into one of three categories. 

• Task— forces to study the issues; define the^ problems A needs, and 
opportunities! and recommend new policies and programs i Task . 
forces f ocusing in teachers are examining issues such as the 
structure of the teaching profession, the natare of teacher v 
training programs, and the future supply and demand of teachers. 
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Programs to enhance the quality and qu a ntity of curriculum, 
facilities, students, and teachers. 

m 

Programs to encourage broader involvement In education by 
citizens, business, and industry. In the area of teacher 
shortages, the survey shows that States are initiating 
strategies to recruit and attract new teachers, such as 
scholarships, loans, or differential pay for mathematics and 
science teachers. States are also implementing programs to 
supplement the work of current teachers, such as staff sharing, 
special summer programs, and alternative instructional 
??????™??^ 8 _^?? e _?^ e P°l ic y alternatives presented in the next 
section for more information on these programs). . - 

Based, on the results of this: survey and a follow-up survey, the Task Force 
will assemble a set of recommendations to assist States in assessing their 
current programs, in designing few and improved programs, and In formulating 
their legislative proposals over the coming year. The followup survey will 
request Jnbre specific information on the typ.es of issues being studied, time- 
tables for action, and proposed recommendations. Possible target groups for 
the second survey include: State education agencies, legislators, and business/ 
education councils. __The reco^endations will be encouraged for use by 
educatbrs* government, and business/industry off icials^ in addition to the 
surveys and recommendations, Se Task Force is considering a full range of ^ 
alternative products: resource documents describing the nature and magnitude 
of the problems confronting education, legislators, and business /Indus try 
officials; a series of awarehess/actibh brochures for State leaders $ a 
national public information and awareness program; audiovisual presentations; 
and other products to be determined by the Task Force members. 

Recommendations— Education for Ec onomic Gro wths 



The Task Force met in Washington, D.C., February 26, 1983, to address 
strategies for improving the quality of high school education § especially the 
skills required for economic growth. The Task Force reviewed a preliminary 
set of policy alternatives, which were previously shared with participants of 
the NIE Conference on Teacher Shortages in_ Science and Mathematics: Myths, 
Realities and Research on February 8-10^ 1983. A copy of this earlier 
presentation may be bbtainedf rem John Taylor of NIE or from Roy Forbes of the 
Education Commission of the States. 

In addition to modifying Many of the policy alternatives. Task Forc,e 
members agreed to work toward developing specific recommendations tailored to 
key sectors; The sectors identified thus far. art governors; Chief State 
School Officers and" State Boards of Education; and business and industry 
leaders. The remainder of this paper presents the draft recbmmehdatibns for 
each of these three groups as well as a set of recommendations entitled 
"Partnerships," which presents suggestions for action across all groups. 

Throughout the next two months, the Task Force will develop recommendations > 
for additional groups - 9 including State institutions of higher education, 
legislators* and parents* organizations. In addition, separate sets of 
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recommendations will be developed for Chief State School Officers arid State 
Boards of Education. The recommendations for the business/industry sector 
will be expanded. 

The final meeting of the Task Force is scheduled for May 4, 1983. Prior 
to acceptance by the task Force of the final recommendations, appropriate 
agencies and sectors will have ah opportunity to review their respective sets 
of recommendations. The reader should keep in mind, therefore, that the 
recommendations presented in this paper will be further revised. 
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TASK FORCE ON EDUCAT 10 N _ FOR ECONOMIC GROWTH— 
Actions for Governors 



The key action for Governors is to assume a st r ong leade rship role in 
supporting educational improvement in concert with State boards of education, 
chief. State school officers, higher education authorities, and State 
legislators. 

1. Establish a State level Task Force consisting of leaders from 
elementary, secondary, and higher education; business; 
government; the scientific community; and other concerned 
. pa rties to: 



a. Examine the current status and needs of public 
education, especially in science and mathematics. 

b. Set State priorities and goals for improving 
education. 

c. Recommend programs and policies to improve 
educational programs. 

d. Mobilize public concern and commitment to improve 
public education. 



2i Take a strong leadership role in _pr6mo ting working partnerships 
at the State and local level among Parents, communis leaders, 
businesses (management and labor) , governments, educators , and 
the scientific community to strengthen education. 

a. Invite business/industry to work with schools in 
developing strategies to upgrade course curricula, 
increase pupil enrollment and performance, 
increase the supply and quality of teachers in 
critical fields^ and inaprove^ the public 
understanding of the need for greater investment 
in education. 

b. Work with the State legislature and /or private . 
industry to provide, seed funds to local school 
systems to establish local e ducation r e sourc e * 
teams consisting of representatives from the 

* above groups and given the mandate of using local 
resources to significantly upgrade the quality of 
education. 

3. Work with the legislature and/or State board^ to adjust 

certification requirements to ensure that teachers are qualified 
in both content and methods in their areas of instruction. 
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4. Work with State authorities to establish a deadline by which all 
teachers must be certified in their fields 7 of instruction. 
Then, provide, funding to implement training programs for 
teachers at all levels which will enable them to attain 
certification in their fields by the ^leadline* The programs 
could be established in a number of ways: 

a. Simmer institutes operated by institutions of 
higher education* 

" 'b. , Provision of grants to support tuition and fees 
for college courses offered during the summer or 
in the evening. 

c. Extension of employment in order that teachers 
may remain employed during the summer months to 
work on certification inteacher^shortage areas i 
special curriculum Projects, P? rt i^ip??e in 
intensive training programs, or upgrade their 
technical skills. 

5. Seek funding to provide summer employment for lead teachers and 
teachers in critically needed subject areas to work during the 
summer and develop new curricula, teach courses, train new 
teachers, work with community_leaders^ on school improvement 
projects, and improve their own instructional and management 
skills. 

6i Work with State and local boards to provide special awards for 
outstanding teachers in various subjects and levels and for 
administrators with recognition and substantive rewards (e.g., 
professional perks i sabbaticals, education grants or cash 
bonuses) • 

7. Work with State boards and this State education agency to 

establish a statewide curri c ulu m s tu dy committee consisting of 
educators in various subject areas - 9 business and_civic leaders, 
experts on new and emerging technologies - 9 etc. The objectives 
of this committee Will be to: 

a. Evaluate current curriculum goals and standards . 

b. Determine competencies students will need to 
participate effective in the workforce and 
public life. of the future. 

c. Update and strengthen curricuiim objectives, 
especially in science and mathematics. 

d. Develop a pita for computer utilization in the 
school curriculum. 
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Establish a statewide testing commission which can work with, 
local school districts (LEA's) to: 



a. Set standards aid assess student performance at 
key. points throughout the student's career; focus 
bh basic skills and prerequisites. 

b. Identify student deficiencies early and require 
effective remediation. 

c. Provide encouragement for programs of academic 
excellence for all students. 

Work with your State education -agency and local districts to 
develop programs which promote and reward student achievement 

a. Establish a "scholars'* program which rewards 

9 students who enroll and excel in courses that 
exceed the minimum required. for graduation. 

b. Create summer institutes where advanced or 
disadvantaged students can have specialized 
instruction in particular areas of need. 

c. Establish alternative schools at the State or 
local level where students can move to develop 
higher level skills in specialized areas. 

d. Establish a variety of academic competitions for 
students and provide recognition, awards, and 
prizes for high achievement (e.g., mathematics 
and science Olympics, writing contests, problem-* 
solving competitions, etc.). 
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TASK FORCE ON EDUCATION FOR ECONOMIC GROWTH 
Actions for Chief State School Officers and; 
State Boards of Education 



State leaders haying primary responsibility for the oper a t i o n of State 

elementary and secondary school programs are the State board members and the 
chief State school officers who direct the work of the State education 
agency. Much of the work of the State board and the chief State school 
officer requires the involvement of the State legislature j the governor, State 
teacher administrator training institutions , and local school leaders. 
Examples of things that chief State school officers and State boards of 
education can do are: 

1. Work to establish and fund a State mechanism^ for educational RSD 
in areas critical to improving your State's educational programs 

a. Study and implement projects involving fundamental 

changes in the occupation of teaching, e.g., 

differential staffing, new reward structures, or 
new evaluation models. 

b. Implement models of teacher and administrator 
evaluation involving peer review* _ state of the 
art standards* and rewards as well as sanctions. 



c. Fund curriculum development and testing in 
critical areas— science, mathematics, computers , 
economics, career awareness* writing, problem 
solving, etc. 

d. Assess statewide equipment and supply needs in 
science education and determine the level of 
support needed from the Stat* level; provide, 
matching funds (i.e., 7H-30J from the State for 
science laboratory equipment an4;,matefcials . 

e. Study the changing role of the teacher and uses 
of the Computer and other new technologies in 
science^mathematics , and other disciplines ; 
develop a State plan for computer utilization in 
education. 

2. Work with the State legislature, institutions of higher 
education* and private funding sources to provide scholarships 
and loan forgiveness programs for teachers in critical shortage 
areas, i.e., science and mathematics. 

3. Work with local districts to establish an aggressive recruiting 
program for high quality prospective teachers — especially in 
critical shortage areas. 
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4. Work to establish periodic professional sabbaticals for 
outstanding career teachers. 

5 i Establish State teacher/administrator certification and 

recertification standards and guidelines which are rigorous and 
relevant • 

6. Modify certification requirements to permit people with special 
expertise from industry! academia, or professional organizations 
to teach on a team, part-time, adjunct, or shared basis and 
encourage local districts to use these resources. 

7. Establish administrator certification requirements for the 
inclusion of management theory and experience -as a precondition 
for school administration. 

8. Provide increased time for instruction through State funding, 
accreditation, and college entrance requirements which result in: 

a. Lengthening the school year. 

b. Lengthening the school day. 

c. Decreasing non-instructional demands on teachers 

clfMf.ti-?® ?^?^^ the use of clerical aides 
and. tetter management techniques (computers, 
etc.F; 

di Decreasing non-instructional demands on students. 

9. Recognize and reward teachers and administrators who exhibit 
outstanding instructional and managerial leadership. 
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TASK FORCE ON EDUCATION FOR ECONOMIC GROWTH 
Actions for Business and industry 



Business and industry leaders may play important roles in renewing and 
supplementing our education and training systems. Specific actions that may 
be taken are: 

i; Establish collaborative programs between teachers and persons 
from business/industry for shared staffing, training, and 
exchange opportunities • 

a. Establish exchange programs between business 
managers and educators, 

_____ __ 

b. Encourage interdisciplinary programs at post- 
secondary education levels between schools/ 

departments of educatiop and schoois?departments 

of business .and public administration. » 

c. Establish programs for teachers to work as 
interns in industry and for industry officials to 

1 sei_*?e as part-time instructors in public schools. 
*> _ ■_. _ 

2. Share or loan personnel to participate in team teaching of 
sophisticated technological concepts. ; 

3. Provide aides, volunteer 'and paid, to assist in instruction and 
to reduce teachers' non-ins true tioiial responsibilities. 

• ■ _ _ 

4. Loan, donate, or sell equipment and provide personnel to schools 
or school systems. Personnel support might range from volunteer 
tutorial programs for both disadvantaged and advantaged students 
to regularly scheduled ixistructional opportunities for industry 
officials. 

5. Recognize and reward students and teachers who are Judged to be 
outstanding. u v 

6- Provide the use of company /college or university trailing 
facilities where. it would not be cost efficient for school 
districts to build and equip comparable sites. 

7. Provide laboratory space for teachers or students to carry but 
experiments^preferably with guidance and support from industry 
or university officials.. 

8. Provide support for community activities^iSich contribute to 
education. For example , provide small grants to* libraries - 9 
nature and sciencfe museums, public gardens, art museums, etc., 
in order that these institutions, might establish special 
instructional facilities available to the general public and 
be accessible to students during the school day. 
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9. Proyide resource materials and curriculum assistance to public 
school science and ma thematics programs, e.g. » special units on 
topics such as energy conservation, robotics, industrial 
processes, etc. 

10. Involve students in programs such as Junior Achievement, to 
acquaint them with the economic system. 

• * * 4 
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TASK FORGE ON EDUCATION FOR ECONOMIC • GROWTH 
Partnerships: Actions for Joint Implementation by Governttent, Industry, 
Academia, Professional Associations, and Schools 



>_ c - _ - _ - _ - - 

Collaborative action among the political, business, educational, and __ tL _ 
public leaders of the State is critical to renewing bur education and training 
systems. Specific actions that may be taken are: 

1. Participate in local decisions on education programs and 
policies. 

a. Establish a clearinghouse for partnership 
information designed to serve parents, community, 
business, labor, government, L_?^!! caMrs » anc * the 
scientific/engineering community. 

b. Develop and disseminate information packets on 
how to develop and operate efficient and 
effective partnerships. 

2. Promote programs linking schools to business, academia and 
professional associations: 

a. Encourage indust^/professlonal societies to 
sponsor science fairs and judge student research 
projects. 

b. Jointly sponsor, at the local level, annual 

Educa tion Olympi cs programs, whereby each school N . 

puts together ^number^of teams to_ participate in , 
educational competitive events. The model for 
such a program is the athletics program at each 
school. 

c. Establish a "Retired Scientists and Engineers" 
program, whereby those who have retired. but wish 
to remain active in education can be called upon 
to provide specialized instruction. 

d. Establish piimmer internships for students and 
teachers to work in industry, government* or \ 
university laboratories. 

e. Sponsor, in conjunction with other local 

industries, an ongoing series of forums for 

parents on the role of education in preparing 
youth for employment and citizenship. 

f Establish adopt -a-schboi programs which link 
businesses to schools. 
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g. Assist in training teachers and administrators in 
the US$8 of new technologies* 



3. Provide rewards and incentives to attract and retain capable 
professionals • 

a. Establish scholarships, grants, graduate 
fellowships, other forms of tuition assistance, 
and forgiveness loan programs for both hew and 
current teachers* ^ 

b. Offer financial awards or training funds to 
school staffs or individual teachers wtio are 
recognized as outstanding By their peers. 

c. Develop an "Excellence Recognition Program" which 
provides outstanding tea ch ers and administrators 
^ith_Y?F* 0 5? _^?™ 8 °* community recognition and 
financial rewards. 

d* Provide incentives for qualified business and 
industry personnel to teach in mathematics, 
science, and other technological areas* 

4. Provide laboratory space for teachers or students to carry out 
experiments* preferably with guidance and support from? industry 
officials (management and labor). 

5. 4 'Actively encourage the participation of: women, minorities, and - 

other students in mathematics and science* 

a. Develop special "scholarship programs for women 
and minorities* 

b. Distribute to teachers and students materials 
designed to encourage women and minorities to 
enroll in more mathematics and science courses* 

c. Establish^ "Mentor Prograjns" in which students % 
work as technical research assistants in 

' industry, college, or government laboratories 
several hours per week and during summers* 

6. Increase student awareness of career opportunities* 

•_ ____ _ _ ___*». . _ 

a* Provide information to administrators, teachers, 
■ and counselors that can be used to help students 
plan for careers* s . 

b. Invite local business and industry officials to 
schools as guest speakers to describe the nature 
and extent of career opportunities in the State* 
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c. Develop a cobpe^tlye summer job program to provide 

students with understanding and experience in a variety of 

: careers. n 

d. Arrange for groups of students interested in particular 
careers to visit relevant organizations with their parents. 

Establish formal programs w^ch enable _ secondary students to 
receive sdvanc^ training te s^ By 
enrolling in courses at nearby colleges and universities. 
Students should receive academic credit for their work. 
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DISCUSSION OF 

PUBLIC AND PRIVATE SECTOR RESPONSE 

TO THE TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS 

Lynn Gray, Vice President of Education, 
New York Urban Coalition 



I think f need to tell you a very short story to begin what seems to me to 
weave through a lot of my remarks. The story is a story of a little mouse. 
This little mouse lived in a very, very large mansion. He was an extremely 
fortunate mouse. He had the run of the entire place. And as life Would have 
it, he gradually set up a network of really beautiful support systems for 
himself, enjoyed happiness — yoi\ know, just about the happiest mouse you could x 
imagine. < 

Then one day something entered that mouse's world which was so 
unfathomable and terrifying it really began to shrink all the possibilities of 
the mouse' s world. You can guess—it was the world's most ferocious cat. And 
this cat- gradually, on a day-to-day basis, began stalking the mouse. 

Little by little, the mouse's. world shrank and shrank, and shrank, until 
finally _he was holed up in a little tiny hole in one of the baseboards in a 
second-floor room. It sat there for days at a time. It cqulc-i't figure what 
to do. Finally he decided, "Well, I'm done; I'm dead," and he began tti think 
*of whatever the next life is supposed to be. • 

He was sitting in sort of a melancholy state when he heard the world's 
^credibly exciting sound. He said, "I don't believe my ears i" He heard 
the most gracious sound imaginable— the ferocious bark of an incredible dogi 

And he listened, and he said, "I don't believe this*" And he listened and 
listened and, sure enough, the bark was powerful* and the cat had obviously 
run away. 

■■_ ■. ^ _ 

The mouse said, "What am I going td do about this?" He thought, "There's 
one pl^ce I stashed the perfect piece of cheese.** So he decided, "That will 
be my tfpst trip.** 

So the mouse stepped out of his hole and began trotting across the room in 
order to get the cheese and found itself caught in the furry paw of the 
world's most ferocious cat, and was just stunned and sad. The cat held the 
mouse out and said, "Gotcha i" 

The mouse was puzzled, and the cat said, "Look, before I do you in, is 
there anything you want to know or anything ycu want to say?" 

The mouse said, "Yes, there is basically one thing. What about the dog?" 
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And the cat grinned and said-, "You know, sometimes it pays to be 
bilingual.- * 

t 

Now, I am really going to connect that to my comments — i really am. I 
wanted to connect it once in a simple way. i was, saying to a_ friend of mine 
at lunch that there is something powerful going on in a room like this. The 

different languages and the different orientations that are in_this room^are 

powerful. There are researchers, scientists, school people, practitioners, et 
cetera. And those of you who have been going to meetings like ^his over the 
last decade or 2P years ( know that that is a new kind of phenomenon* where we 
are actually trving to have dialogue among people who look at the same 
problem,- but look at it from very different perspectives and need to learn to 
speak with each other and to each other'. 

The second thing that struck me this morning was people pointing out te>w 
children lose their excitement about science between the third and the eighth 
grades. I thought of the junior high school that's a block from my house in 
New York City where I was sure that last year I must have seen maybe a thousand 
Rubik's Cubes-^aiibns of kids spending hours and hours and hours playing 

with what is a scientific and conceptual mathematics device. They were 

extremely stimulated. They ^n't know they had lost an interest in science or^ 
that they weren't able to liable it. tfaat they prob^iy were experiencing watw 
what had not been in their daily life in the school—the kind of excitement ^) 
that, caught them. They spoke a different language than the one they were 
being asked to respond to. - 

The third thing is that there is a bilingualism that is being promoted by' 
the President. That would surprise him, wouldn't it? 

It's the public/private sector dialogue. And this panel is talking about 
that. This panel is saying that there is public sector schooling and there is 
private sector resource and private sector need* and that some way these 

things have to come together. In reading the papers and in htaring the 

presentations, you take in a huge range of particular tilings that are being 
done in two kinds of situations, followed by the Education Commission of the 
States (ECS) survey of what really needs to be done on the national level. v 

I want to comment on that stuff, but I want to put it in the context of a 
comment that Dean Kelly made this morning because it reminded me of something 
else that was a working rule of thumb in New York City._ His comment ran 
something like* "Bureaucracies have an almost absurd capacity to swallow 
innovation without producing change. V 

We had a Working rule of thumb in New York City a few years ago— we've 

gotten a little better since then that went like this, "Every single day, 

someplace in New York City* every conceivable educational innovation is going 
on and having very limited impact, and not spreading from one site to 
another." It wasn't for lack of new mousetraps that we were being overrun by 
mice It was for lack of understating how to implement these things in 
existing systems and how to build with our existing resources— our teachers, 
our professionals, our communities— in order to take advantage of what was 
there. 
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That happened a few years ago • That is all catalogued under research that 
says schools have a remarkably difficult time incorporating change, that there 
is a lot of stuff that is supposed to be good, that a lot of people say is 

good, that a lot of people want to have happen that doesn't happeru; And there 

are all sorts of supporting data, and NIE Is a repository of a lot of it. 
i _ •_ 

We are not in a different situation just because we are talking about 
mathematics 1 and science. 



We have changed in New York City. I can stand here and be genuinely proud 
of the movement in our school syStQjn over the last several years. We have 
turned around all sorts of trends. We are doing better on formal tests, et 
cetera. But listen to this! Still we have a million kids^ 45 percent of whom 
drop out of high school; 60 percent of the Hispanic kids drop out of high 
school. We i have 250^000 of what we call ghosts. These are kids that nobody 

knows the whereabouts of except that they are in our city. They don't show up 

in school. They are in between the ages of 16 and 20, 15 and 20. they are 
there. We have 60,000 kids who are not mathematics and science illiterate; 
they are just illiterate. ^ 

V -_ - - _, 

1 think one of the things that always sobers me is listening to a lot of 
connections between different resource mixes. The Argonne thing, for example, 
where there is a program of 15 kids who are going to do such and such. I 
applaud it an4- I think it's incredibly powerful. But we really are talking 
about a very awesome reality when we talk about major school systems. And New 
York is really not atypical. You heard the Los Angeles story this morning and 
the Houston story, et cetera. 

So 1 just want to remind us that what we are talking about is a set of 
interventions with children~and_ there's a lot of them~arid_what we have to do 
is find ways to get this particular agenda into a lot more lives than we have 
been able to previously with the resources that are available. It is 
reminiscent of the response of the private sector to the current administration 
when it said, "You will now handle social programs. w Thanks, very much. We 

can be committed. We can make linkages, but don^t expect us to do what 

couldn't be done when there .was a lot of other stuff going on. 

The comment, "No one flunks a museum," triggered something In my mind. I 
used to run a bunch of alternative schools in New York City. One thing I 
discovered was that when it got really boring in the school, if you wanted to 
know where to find the kids, you went to the museum. Because lots and lots of 
kids almost magnetically went to places that were exciting. 



Now, they didn't flunk, but they never got credit for it, and it never got 
built into their experience. By itself , it probably provided stimulation, but 
all alone it really didn't do what has been called for . The Wnds of things . 
that are called for in these linkage programs are ways in which new resources 
and different conceptualizations can really infuse the experience of kids. 

In my view, what went on in this panel broke down as follows: 
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I think we have examples of two particular innovation patterns and then a 
large policy study that is right on target for some national policy 
questions: the public/private stuff, the mathematics and science stuff. I 
think that it's about alternative and augmented resources to large school 
systems* These are the places where the kids really are* The New York City 
public school budget is $3 billion every year* Chicago's must be $2 billion. 
We've got a million students and Chicago has about the same. So we spend a 
lot of money in this country on schooling. 

The alternative supports, the vision that is evident in things like i the 
Argonne Laboratory wanting to infuse the entire Chicago school system with a 
better approach to mathematics and science — tfiat is exciting. The problem of 
actually doing that and having enough leaven to actually affect the whole loaf 
is really, I think, a very tricky reality and something that has to be 
addressed here. 

I want to underscore how exciting it is to find again in this country in 
the private sector and nonpublic school -environment people reaching out to the 
schools* I think the comments in one of .the panels this morning about public 
education becoming upbeat finally is noteworthy and true. I just want to put 
that note of caution in. 

I want to tell you two stories that summarize something for me about 
schools. 

toe comes from back in the 1960*8, and we *eren f t talking about 
mathematics and science then. We were just talking about urban problems. We 
were talking about trying to enfranchise people. The late 1960 'i in our urban 
centers were a period of a huge outpouring of corporate American resources to 
schools. In New York, we had 19 corporations that sponsored schools by 
themselves. By the mid-1970 *s, we had two. 

It wasn't that the corporations turned into bad guys and walked away; it 
was that over and over and over again the experience of the private sector in 
trying to make that link went something like this: Tfe thought we came in to 

work oh the problem of"— I'll. put it in today's concepts— "mathematics 

instruction at the high school level. We got into the school and found that 
the level of problem in the school organism, the school situation, was so vast 
that in many cases we were trying to recreate the whole school! and we were 
not able. We were not able' to give what we had, and we became discouraged and 
left." 

If you look at the history of the 1970's in urban America, you do not have 
a lot of corporate presence. You have ' little places i where it has lingered 
about the school programs, but there was really a p ullin g back. And I think 
one thing that was a major factor in that was the inability of the school^ 
system to honorably make the linkage, and to understand what it meant to bring 
in somebody else with a particular kind of resource, and to meet them much 
more than halfway so that the benefit got to the children. 

I have a colleague who today is_in El Paso, Texas, on a Ford Foundation 
study. They are looking at exemplary high schools across the country. El 
Paso is one of many cities that has nominated several of its programs and said, 
"We have exemplary high school education." 
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I was talking to my colleague on the phone last evening s and she said, 
"Let me tell you the story. I went into the school"— and I don't know the 
name of it— "and it's got a very strong reputation. It is supposed to be very 
exciting and very innovative and really work with kids." 

' Her task was to interview all sorts of people, sit with kids, sit with^ 
teachers, et cetera, to see what it was like, how it felt She said, H i was 
really stutined because every single time I asked this question I got & blank 
look back. I asked the question, 'What is it that makes your school so 
special? 9 and nobody could answer. 99 

First of all, they didn't feel they understood the. question; they couldn't 
factor but, they didn't know how to talk about interrelationships in the 
building. Second, they really didn't grasp she was struggling to understand 
the larger mission of the school. 

But there was a sense in that buildi^: "This is just a building. And 
special? I don't know." She said the feeling in the building was pretty 
good. It wasn't a great, great school; it wasn't a bad school* But it was 
just her sense that the people who were in there didn't apparently think, "We 
are a collective body of people working with a group of kids, and this is how 
we are doing it. This is how we come together on their behalf. This is what 
we are targeted toward." 

The Houston story with the incentives—the $800 incentive, for all that it 
might mean about special school districts— struck me as interest 
everybody in the building working with all those kids was included in that 
process. 

I want to make two or three comments about partner ships and about _ 
linkages, because I think they are going to be central for the next 10 years 
of our work for sure. 

The first is that it is often a very difficult matter arriving at a 
commonality of goal and direction between museum, Argonne Laboratory, IBM>_ 
whoever it is, and school system and school. The language difference, "the 
bottom line*" as was said this morning by some gentleman— all of that stuff is 
just two different worlds. Until we have sat down together and worked through 
this material over an extended period, we really waste a lot of resource and a 
lot of energy. The problem is that in most cases we think we understand each 
other way before we do. It will take significant attention to the process of 
getting started if we are to have any chance of making an impact. 

People have walked away from most of the projects we have seen because 
they thought they knew what they were going to do before_ they actually did. 
And they got in there and they got very disillusioned. They didn't know how 
to have foliowup; they didn't know how to talk. They expected something from 
the school that it couldn't deliver. They expected something from the 
corporation that it didn't want to give. 
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There needs to be a tremendous amount, of attention paid to beginning these 
things gently and carefully. Science is obviously * need In urban schooisi 

For fie^ it _^ 8 _ j" 8 ??* 3 **?. 83 *? 0 . 8 ** ^?_ n 5?' > ?? 9? hows that our high school 
kids are not in school, and the number of hours they are in school and not 
excited about learning. They are not bad or dumb or dull kids. We are just 
not putting stuff in front of them and working with them in a way that is _ - 
stimulating them. But if we bring something in, an Adopt-A-School project, _ \ 
for example, and we don't work this stuff but, we're going to lose the 
students and bur mutual effort; « 

Secondly, I would off er a comment about school teachers And I think they 
are some of the most remarkable people in the whole universe. One thing that 
is_ fairly true about. them is that most of them, have never been outside the 
culture of the school. Host of them have not been in the private sector; they 

have not been in the work force outside of the school thing. Their 

expectations of what they are tryingjto match in their classrooms are not 
framed out of a realistic personal experience. 
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Atlanta has taken groups of teachers and put them in the private world t 
let them experience it* with m_ goal— not so you come back and do such and 
such, but Just so you know, so that you are not limited. If you are going to 
be the bridge between bur children and this world, make sure you have / 
experienced it. «. . / 

Under the mathematics and science heading j _ somebody commented that you 
don't see science teachers do science. Probably most science teachers in/ 
public education don't do science, haven't been around anybody doing science, 
and wouldn't like to dp science. __But that connection is very profound because 
we are trying to get the imagination of teachers to stimulate the children. 

The third thing is the clarification of roles. I guess I alluded to it. 
Very often the level of false expectation between people in these mixeaCis 
astounding. I just want to call attention to that again. / 

The fourth thlrig is the timeline. In the Argonne paper the comment was, 
"We have a timeline. We are not up to it yet." And when I read the paper* I 
particularly noted three ptoses: We are going to start* we are going tq 
expand ~ 9 and then we are going to do the whole system. 

We have been working in NewYork City now on a couple of educational 

innovations, and we are in bur 15th year, and we are finally starting to move 
into maybe 30 or 40 percent of the srfiools^ We may not be very smart* but it 
isn't going to happen inside of a real short time. There's a lot of stuff 
that has to be laid out thoughtfully and carefully. 

My last comment is a bbttbm-iine comment. One of the §§i?i s _that I think 
happens in these partnership linkages is that we spend a lot of time thinking 
of the roles and relationships of ^he various players, but we have not learned 
how to focus on the children and what they really need. 
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One of the thing? we are starting to talk about in New York City is what 
we call an "Accord for Youth." An accord means that aii of the players — aii 
of the people like us who really have some stake in our kids, whether we teach 
them or, as community people, we need to hire them — come together and actually 
make commitments among ourselves to pool resource, imagination, and 
commitment, to see that these kids get the kinds of things they heed. So we 
really begin to think over time of reshaping bur relationships, not just so 
one augments another, but so that we really say, "What do we need to get the 
junior high school kids so they don't disappear from lis? What kinds of 
experiences can we give New York City's 200,000 junior high school kids so 
that we don't lose 100,000 of them in 4 years, and so that a lot of them don't 
end up at a much lower level of development than need be?" 

My summary , I guess , is something like this i i think that one of the most 
upbeat things that is going bn nationally now is this public/private 
possibility. I think the mathematics and science thing is a symbolic and very 
important way for us to work together on it. I think that it can build some 
things that are very powerful, but it doesn't do it automatically. A lot of 
these things are going to be built bh the passion of the people that are here; 
they are going to be built bh the luck of some of those that try it. But we 
are talking about sustaining major growth for kids all over our country, and 
that's going to take a huge and attentive kind of awareness. 
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CLOSING SESSION 



Thomas Good, Professor of Education and 
Assistant Director of the Center for Research and Social Behavior, 

University of Missouri 



It is good to be here and to be part of the conference. My compliments to 
those of you who have stayed through 2 days of proceedings. 

My colleagues and I represent four captives who have -lived through 2 
exciting days listening to many presentations filled with ideas, problems, 
dilemmas, contradictions, but all-in-all an exciting set of papers. 

Out intent here is not to synthesize or to put what we, have heard into a 
simple caption, but rather to probe through the possibilities, to look at the 
ideas that have been presented and, if anything, to widen the funnel of 
possibilities that have been examined here so that in future activities^ in 
terms of responding to the problems, we end up with a wider information base 
and a better response. \ 

At Sis point I turn to my colleagues^ who will. have the opportunity to 
respond to the ideas ^ what they heard, what they felt* perhaps some of the 
things they did not hear here at the conference. 

Robert Stake Profess or of Education 
Center for Instructional Research and Curriculum Evaluation, 

University of Illinois 

Tom, you asked what we had not heard at this conference. No one mentioned 
Creatibnismi Perhaps everyone thinks that crisis is over— but we all know 
that evolution and adaptation of science and mathematics education goes on. 

I ,was impressed by Wayne Welch's recommendations for needed research and 
agree 'that the student classroom activity and contexts need more attention. I 
will -gmph|i8ize those today in my remarks, though my primary attention will be 
on visions of the science teacher. 

Let me start ^rf.th a theme that Jim Wilson and Jeremy Kilpatrick 
emphasized, and many others have alluded to in this conference: Success in 
public education depends on teachers with vision and a public vision of 
teaching. But the vision changes. A vision of teacher as Miss Jean Brodie is 
out of a past to which we cannot return.. The television vision of .teacher as 
Welcome Back Kotter is a compassionate but mindless vision we cann« accept 
and must fight against. The vision of Bob Gagn£ of teacher as behakriorist and 
preparer for testing is a vision that, in my opinion, both denigrates 
education and the teaching profession. The vision of teacher as curriculum 
developer—if that means developing lessons that other teachers and ^istrlcts 
would use— should have been destroyed by Commissioner Sidney Marlandfs 
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farcical and ^eVer completed program, Education for the Eighties* which once 
gave 17 school districts the_responsibility for building a grassroots 
curriculum for t&e Nation. But there are other meanings of curriculum 
^a??*???*?* 9n4 beh&vior management, such as compassionate elder and 
ideological gu^e, that are enduring and needed. They have been referred to 
by Susan Vetted > EF** Gray, and others at this cbxtferehce. 



I was gr«a^7 struck by Secretary Bell* a remarks. He got us off on the 
right foot by drawing attention to > the changing nature of our society and 

giving us reminders of the power of culture^ including the economic and 

political reaii^ieB Jthat shape education. Precoliege education— including^ 
mathematics and science-— are held in diminished regard by the public. There 
is no indicatl^ that taxpayers are having second thoughts about the cutbacks 
in funding for education. Several here have called for a media blitz* 
scholarships foi teachers, and, even increased pay. They are needed and may 
help. But_v e catrobt go much further with the idea of the '•competent teacher 
in front of a class-/* We cannot effectively retaifc the old vision, the myth, 
of a teacher a 5 kgoyledge-giver . Knowledge getting already has shifted to 
other channels • \ 

What Terrei Bell did not say is that high tecAnblbgy will change the very 
nature of know£^ge-^hbt just its transmission. What is worth knowing will 
change - 9 what t?iH * considered as evidence will change. What a computer can 
store will bee^ n 9-^^^-^j^rtaiit.__:Ri8to9 will become more actuarial, less 
anecdotal. $he ki?d of interpretive knowledge^ to be found in a good textbook 
or in the lect** r * ? f a good teacher will continue to be replaced by 2-miuute 
summaries wi^±^irtg those on Cable News Network. _ The teacher, increasingly 
needs to be xe* 0 *^*' commentator - 9 and director of continuing learning; 

What is Ic^t already is the notion of tearfter as knb^edge-giver . And it 
can't be regained. The tactic followed for at least. a decade how has been to 
reduce the H Q O 0ttactual w task of the teacher, the syllabus for the teacher, to 
teach only the subject matter all teachers know , and to claim that these knowl« 
edges are pr^r^^iS 1 *** hierarchical essentials for the complex learnings and 
fullness of sdt^i*?!*- Ruch of the public has bought that. And it has helped 
establish th^ iffth that such indicators of achievement as SAT and National 
Assessment also indicate the quality of education occurring in the Nation. 

I know tha* §of Fbrbei joins me in wishing that test score means were not 
given such cred^ce as indicators of educational effectiveness. But the 

practice is Qo^on &*en among education leaders i Patricia Shell indicated 

that Houston t>*2i teachers incremental^ op the basis of achievement test gain 
scores. Many tb^audience nodded appreciatively. Others of us cringed. 
The various tel^ ^ ^^onabie correlates of certain learnings - 9 but they 
make a most tu^bttuflate, incorrect announcement as to wh at is m ost important 
to learn and^gjteaaj^u 

We don't fc^cv what youngsters will need in their lives. We don't know 
What demands t£ e f** tll *a will make. We have to rely on our best guesses of 
course, but ve fla? should rely on the intuitions of teachers and the 
intuitions of youngsters. We have survived as creatures on this earth largely 
because of our tuitions, and we should continue to help the coming 
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generations rely on theirs.. Our tests announce that the objectives identified 
by the authorities are much more important than the interests and curiosities 
of individuals. The question is not so much "do the tests tell us who is 
achieving?" but, "do the tests tell lis what is worth learning?" Jim Wilson 
alluded to the obstacles to learning caused by testing. Allow me if you will 
to present a tiny bit of data. In an ongoing study in a large school district 
we have repeatedly asked teachers and students the following itenu 

How much have each of the following interfered with 
youngsters getting a good education in your district? 

A lot I A little Not at 

\ bit all 

Racial discrimination 
Sex discrimination 
Bilingualism 
Overemphasis on testing 



Overemphasis on testing was seen as much the greater obstacle with over 
half the teachers and students indicating it as at least a little bit an 
interference; i raise this issue because I believe the vision, of teaching and 
education for the future has to be based on a realization of the fundamental 
conflict between control and educational competence. A_ great deal of syllabus- 

building in the 1970's (it could have been called school-based curriculum 

development in many places) was oriented to giving the teacher greater control 
in the classroom, giving the district greater articulation and standardization, 
and making officials at Federal, State, and local levels, and university 
consultants, appear to be doing something to improve education i Getting the 
schools to be more businesslike, more accountable ^ has occurred, but 
restrictions on the teacher thus have increased enormously with diminished 
opportunities to deal with the insights and imaginations and cognitive ^ 
development of individual students. « 

Oh the MacNeil-Lehrer show last night, Secretary Bell said we have been 
preoccupied by attention to equal educational opportunity. I agree that that 
has interfered with good science and mathematics teaching. I disagree with 

his implication that it wasn't as important to increase access to good 

education as we made it. But we were ^11 too single-minded about assuring 
access. We failed to look for other rays than busing and mains treamlng for 
providing access, and generated great numbers of classes in which the students 
rejected the teacher and the syllabus . Part of upgrading the job of teaching' 
involves giving the teacher students who will commit themselves to learning 
and who will resist efforts of other students to sabotage the instruction. 
With NIE backing * several of my colleagues evaluated Jesse Jackson's Push to 
Excellence program. As a coordinated program it was ineffective in most 
schools, but as an ethic, as a movement, as an analysis of American education 

it was sound. Jackson said that education requires work and that the 

responsibility for committing students to work is not the school's respon- 
sibility or teacher's responsibility but that of the parents, and the 
students, and the neighborhood. 
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As part of the upgraded role of teacher, the x teacher _should have some 
rights of selection of students, at least on the basis of willingness to work, 
and rights to expel from class those who do » not. ^pur society must find some 
other place to N mrehbuse N unfiling workers than in the classroom where 
teaching is going on. Our society owes every per sotr who wants it an 
education. Today^hat should include opportunity to \learn from classmates 
interested in learning. V 

Obviously, one way of increasing the interest of students in classroom 
learning means giving them more responsibility for Selecting what they wiii 

learn. And another is givlng-the^ t eacher m o r e responsibility in selecting 

options for the students to select. Common learning objectives and common 
standards of achievement across students would have to be diminished. jThe 
district and State would have to have less control. It is a\ fundamental issue 
of central control vsi effective education. v 

to some what I am talking about is a pipe dream— but it is\far from 

impossible. It is apparent that this individual responsive way\Js how most 
parents teach their own children, how apprentices learn from masters, how 
Japanese children learn in the classroom Jack and Elizabeth Easley studied, 
and how on-the-job training occurs in business 9 industry, and graduate school, 
individualization b£ student task and teacher task of course doesn\t mean that 

standards are sacrificed— just common, prespecified standards. \ 

. \ 

Biit I have drifted away from the ep c istemological reasons for major change 
in the role of th^ teacher^ The spools have lost their primacy as th<e 
deliverer of information and ordered knowledge. Television - 9 travel, the_ 
workplace, the marketplace, the park systems - 9 the libraries, Bonnie Van^Dorn's 
museums, and other -linkages* " including peer friendships, already provide 
more understanding of complex scientific and mathematical ideas than do the 
schools. The schools should be helped to do better, but most students can be 
expected to learn more and more away from the teacher. The information \ 
avalanche has barely begun; 

What is most needed from teachers in this onrushing world is helping the 
student make the most of outside opportunities, and supplenwnting them with 
integrating and ordering assignments — reading, problemsoiving, discussions, 
and projects related to out-of-sehool learning th^student already has begun. 

in our NSF science case studies * Jack Easley and bur team found that post- 
Sputnik curriculum reform projects were rejected by many teachers who wanted 
to teach what they had mastered* what worked for them. And they should— but 
more on individual bases. Those teachers also insisted upon teaching students 

to behave; they felt obligated to socialize them. This should also be 

expected of future teachers. Free floating discussions are not the answer, 

and most teachers would reject that. Douglas Seager's ideas of teachers 

having their own science projects is consistent with this vision of teaching. 
Others such as Cremin and Stbdblsfcy have written about this role for teachers, 
and Lynn Gray spoke of it just an hour ago. Twenty years ago Agricultural 
Extension found that many farmers knew more agricultural science than the 
Extension instructors, so it helped those instructors toward roles as 
education facilitators. 
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The essential ingredients of teacher role evolution here are: 

1. orienting to individual learning , not class learning; 

2. orienting to what students and teacher are already interested in; 

3. orienting to out-bf-schbbl learning opportunities; and 

4. orienting to the students willingness to works 

In tomorrow's high tech world, following these orientations, the 
teacher-as-curriculum-developer makes sense. The curriculum he or she seeks 
is individual — finding additional experiences, readings, and computings for 
each individual student. 

Individual Educational Plans (IEP's)^ such as were dreamed of by the 
authors of PL 94-192, are needed, but they should remain flexible arid largely 
unwritten, not allowed to * ^ebme today's checklisted artifacts of 
competency-based learning. The teacher should be free to rely as much or as 
little oh today's district guidelines arid textbooks as he or she feels m^kes 
sense in terms of what is best for individual children and their parents . 

* 

We have agreed at this conference that science and mathematics teaching 
heed to be upgraded in the face of a disbelieving public and a cultural 
blitzkrieg. Many speakers pointed put that increased pay* prestige, inservice 
training, and exchanges with industry are important goals. But even if 
successful, they would not accomplish * long term solution. I do not believe 
we have much control over our destiny * but we can get ready for sSpe changes 
which will be forced on us. A sensitive arid compromising adaptation to the 
new habitat is essential for the survival of the qualified teacher of 
mathematics and science. * . 



Steve Davis, Head of Mathematics and Computer Science, 
The North CaroSina School of Science and Mathematics 



Essentially, I think I come at this from a different view t^an some of 
youi i was trained as a research mathematician. Before I ever taught anyone 
in a high school or junior high school, I taught college students. Then I 
taught graduate students. And as most people who do that , i was dismayed at 
the quality of the graduate student at the typical uni^ersity^ I had gone 
from a very good university with an excellent graduate program tba gpod 
university where the graduate students were not nearly as good. I did not 
think I could make them into good graduate students, either. At that time I 
was very cbtifused because I thought you were supposed to teach mathematics to 
make everyone a mathematicians I think that is one of bur mistakes. 

So then i got this tremendous privilege arid fell into high school 

teaching. On the third day I noticed sbmetfcirjg. When you teach 5 times a 

day, your legs give out flrst—I had never been so tiredin my whole life— and 
your voice starts to go. And then you sense, "My goodness, though, when you 
see them every day you see the progress." When you work with them closely - 9 
you can see that students learn in different ways. 
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At first, I taught like most college teachers, I lectured. I thought that 
my students had learned from the lecture. No^I know they did not learn from 
the lecture. They learned from doing the problems in the book; they learned 
from talking to their classmates; ; ■ ■ 

What I would like to put in context, here as quickly as I can is the 
following: Please do not focus on just* the science and mathematics crisis. 
As a speaker said earlier yesterday, view it also as a time of opportunity. 
Why do I feel the opportunity is so great? Because there is a grassroots 
movement. I want to share with you the evidence and the symptoms of the 
movement • c . 

First, we have' microcomputers coming into classrooms with teachers getting 
very little to no preparation on how to use them. Yet 4> they are, being placed 
quickly in the classroom because school administrators feel this is one way to 
deal trtth- computer literacy. 

Second, there are many studies addressing the modernization of the school 
curriculum. There is a grassroots movement that says, H We know the situation 
must change. " 1 don't know if that existed at the time of Sputnik. Right now 
the teachers know there is a need for curriculum change, and they are looking 
for guidance. f * 

Yet, I get incredibly frustrated. I work with teachers who use the pocket 
calculator to balance their checkbooks, to compute their grades^ahd to make 
their answer keys. But , they will not let their students use the pocket 
calculator on any graded work. We have a real hurdle here, because the 
calculator is a tool that they ar£ familiar with, that they usfc, and that they 
consider friendly. 

On the other hand, the microcomputer that teachers are being advised to 
use is not friendly, and they do not know what it can do. _ That worries me a 
lot. These examples indicate there is definitely a heed for instructional 
leadership. 

Today there is also a problem with the teaching of mat hematic a* That is, 
we ere cbnf using the product of mathematics with what mathematics is. I did" 
hot know the difference between the product of mathematics and what 
mathematics is until the second or^third year of graduate school, and that 
concerns me. there ought to be some way that education department faculty snd 
mathematics faculty could work together so that the mathematics courses are _ 
not just taught as though they are preparing mathematicians, nrarf j:he education 
courses are hot just taught as though these people will teach a wide variety 
of subjects. They ought to be able to integrate mathematicif and teaching. 

Not long ago, a colleague pointed biit something to me that really got my 
attention. If a teacher wants to teach intuition, understanding, and the 
ability to be a learner for life* the teacher is opetLt ©attack, because * 
someone will always ask* "Wellj did the students learn this specific fact and 
did they learn that specific skill? Well, what did they do in your class?" 
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^'Oh, but they learned mathematics and the beauty of it and what it is and 
how to solve problems." If you are not respected by your community, that line 
falls on deaf ears. 



We need to raise the status of the profession so that teachers can do what 
they need to do and not just be teaching computation. *The pocket calculator 
can be used to teach estimation and other, kinds of cognitiye skills, in 
addition to computation. 

Technology has started this grassroots movement. When I say "technology," 
I am thinking of all sorts of things. Let us think in terms of video disks, 
teleconferencing, and the computer. Wait until you see the advances in 
teleconferencing, how that it's not regulated. 



Today teacher-trainers have an additional burden. That is, teacher- 
trainers must become more knowledgeable than almost anyone else about the 
application of technology to instruction. Tfiey cannot respond Co the task by 
offering training in how to use this piece of equipment or that piece of 
equipment because they cannot? outguess technology. Among many tasks, teachers 
should help students learn what is really fundamental to technology, 
instruction, and communication so 'that ho matter what the technological change 
is in the next 20 years, they will have a base from* which to work. 

My instincts tell me that the real future for improving schools is 
inservice training. Why? First, the teachers desire it i That is the 
grassroots movement. Second, I suspect a very high proportion of the teachers 
who are going to be teaching in 1990 are already in the classroom, so 
inservice training is necessary. Third, inservice training can be more 
responsive to local education needs. 

I want to qualify my statements with the obvious observation that seems* to 
escape those of us in education who are in a position to do inservice training. 
Actually, no one is now in a position to do it well because there is not 
enough money. In almost any other business, when people arc- involved with 
inservice training * they are trained and paid while on the job. Only in this 
profession do you do inservice where you pay the fee and you are not being 
paid while yoii do it. Something is very wrong there. It worries me a lot* 

I want to make one more comment. I will use a metaphor, one I would not 
have thought of if Sr. Roy had not used his glue metaphor yesterday. My • 
favorite metaphor is that of Peter Drucker's sailboat. Drucker is big in 
managerial science. He was assigned to look around and try to figure but what 
organizational structure guaranteed success, f pi? a company, and he discovered 
that all of these companies were different. Some were successful and some 
were hot. He was trying to figure\out what it was that made him successful, 
and he came up with the metaphor of the sailboat. 

Most people look at a sailboat and think that the sails propel it — the 
equipment in the schools, the> teacher training, the school room and facility 
itself, parental support, et cetera. But if you think about it^ It is the 
invisible wind that propels the sailboat. 
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Right now I see us in _a situation where we need some more sails. _We heed 
more equipment in the science labs . The micros are just coming in. But still 
the wind is going to be the key, and that must be the communication to the 
classroom teacher^-that people care* that it will be backed up with action, 
and that it is going to start soon. 

But whatever it is, let's do it right and not cry to do 17 different 
things to find out which one works, because the race to improve schools, 
teachers, and students could be lost in the process. ' 

Naama Sabar, Professor, 
School of Education, Tel Aviv University, Israel 



the title of this conference reminds me of a story placed in this country 
not so ma ny years ago. It was at an international conference on computers 
which had a contest to provid^ a very new kind of software for a very simple 
message. The message was, "Why is there a shortage in meat?" 

When the organizers asked the participants what questions there„were 
before the contest started, the Poles raised their hands and said, "What does 
it mein, 'meat 1 ?- 

The next question came from the Russians, who asked, "What does it mean, 
•why'?" 

And the last question was from the Americans* who asked, "What does it 
mean , f shor t ag e f ? " 

That was hot too many years ago. I am afraid these times are over. 

** 

First of all, I wish to thank the organizers for inviting me to such a 
stimulating conference, with a unique array of participants. I am" 
particularly honored to be here becausetb me it looks almost like the list of 
"Who is/Who in Science and Mathematics Education." 

i _____ 
I accept the advantage of being the last synthesizer and probably the only 
foreigner in th*s audience, and I want to thank the organizers for the very 
well-thought-out preparation of this conference * expressed in the wide 
representation here of the different fields that should be involved in 
analyzing such an issue. 

The papers presented were so thoroughly prepared^ with clear messages and 
relevant updated informat ion. When you see t^e proceedings, you will know how 
many 1982*1983 references were included. These data were regarding the common 
myth versus realities in relevant research. 

I also think. special credit should be given to the diverse approaches that 
we haveheard regarding alternatives that are presently taking place 
successfully in our system. 
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Being a woman, a minority, I would also like to congratulate the 
organizers for the even distribution that was given to contributors between 
the different ethnic groups and the genders* I take it for granted, eyeti in a 
profession that is so heavily female i that much of the decision making' power 
is still male. ; / 

Lastly, I would like to give special thanks to the discussion moderator 
who led the contributing discussions so elegantly and so well. 

Now I would like to share with you some of the thoughts, observations^ and 
questions that came to my mind while listening throughout these 2 days. Most 
of these thoughts have been heard in the past 2 days, but I would/like to make 
my own supplement and perhaps rephrase— and it may sound even amplified to be 
heard from an outsider. j j 

I must admit I feel like tire boy ifi -The Emperor's New Clbtfaes" coming 
after these two preceding. synthesizers/ with their high-powered questions. I 
might post some verysimple questions,' such as: How is it that a country that 

in most fields of science arid technology competes so successfully with all 

countries in the free world, due to your wealth of ideas, quality of aasipower, 
natural resources, and facilities, has reached this present crisis in t*t<a araa 
of teaching, exemplified here in science and mathematics education? 

Weil, I think that you ail know/ part of the reason. This society is hot 
ready to give now what it takes to /build and maintain a quality education 
systems In saying maintain, I also refer to the implementation system that 
has been mentioned in this last afternoon's session. 

Does anybody really think we cjari carty but even a few /of the wonderful 
ideas that have been_expressed here without budgets? Good will and missionary 
complex* a new term for me t are riot enough to get good teachers to do the 
job. Teaching positions offer neither status nor considerable financial 
compensation, and teachers are human beings with purchasing needs. 

It may be exciting for a young 1 , student to follow his or her interest in 
young children and the nurture of knowledge in kids and/ take a teacl 
position. But then when he or she \ plans to build a family, their priorities 
will definitely change. Or do we s^y that teaching ca^ only be suitable for 
second breadwinners? 

By the way, I really wonder how 5pny teachers can/purchase an Apple — and I 
/ddri't meati the fruity I mean the computer— when so many microcomputers are to 
be found now in their students 1 homes. 

I think it would be fair to say perhaps that amorig the myths in 
circulation is the one that says we cannot get any mpre dollars into the 
system^ yet the reality is that if we ciri, it will make a difference. 

The exodus of good young science and ^mathematics teachers into industry 
that we have heard described so well by Bfetty Vettef is a clear sign of that . 
What do we really expect of science and technology teachers? As 1 see it^ 
they are expected to be subject-matter specialists /in ah area where changes 
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are the fastest lit comparison to all other subjects taught in school. We 
expect them to compete with high quality super-power educational programs that 
are now offered commercially by private industry. 

We also expect them to be very intelligent, broadminded people, with a 
very clear set" of values, to be able to bring into the classroom such topics 
as the, relevance of science to social problems. And those relations and 
concerns are increasing in numbers on a day-to-day basis. 

But in addition to ail of these— and I skip the expectations in 
manipulating skills, operating a lab, and so forth— we also expect the science 
and technology teacher to be a topnotch educator and pedagogue and to handle a 
great number of problems that the whole of society faces, topics like those 
Lee has already mentioned: smoking, alcoholism, drugs, sex education, and 
whatnot. And does the teacher really get recognition for this complex task? 

J'! 1 ? is it that an exceptional scientist— and very likely one pf these 

An exceptional writer can stand for a Pulitzer Award. Even a stage decorator 
can be a candidate for a Tony Award. Yet, the only recognition an exceptional 
teacher will get is recognition. from his own association. The local Rotary 
Club may acknowledge him as well. 

An automobile repairman makes money. L A competent scientist, at least in 
my cbuntry, has status. An American physician has both money and status. A 
teacher here has neither. 

Well, but of this gloomy picture I think one good thing is emerging. 
There is a tremendously heightened awareness of the price to be paid to 
improve science and mathematics. 

So we do have the momentum now. We just need to do everything we can to 
accelerate that momentum; and it is up to the people here to transmit the very 
carefully thought-out recommendations that have been heard here to the people 
in power— to make things work so tHnt in 5 years, probably through computers, 
we will hot be crying over a deeper crisis but rather discussing further 
advances in prospect. 

I endorse most of the recommendations that have been made and' won't repeat 
them how. But I would. like to add to the other explicitly mentioned research 
heed that research tools should perhaps be used— supplementary ones— other 
than the regular statistical measures. I know the movement is very strong, 
but I lust want to make that point. 

i * ' 

there were recommendations about developing opportunities for teacher 
promotion in school, developing a career ladder for all teaching areas based 
on excellence. And under this heading I recommend that several prestigious 
institutions cooperate in establishing an award ^including a generous cash 
award, t bat _?ould probably be donated by industry -and that would be addressed 
to the reward of excellent teaching on an annual basis. 
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I have heard some recommendations regarding the importance of elementary 
science and mathematics education with respect to future choices students make 
iii these areas. I strongly recommend that you invest more in improvements of 
science and mathematics teaching as early as possible, even in pregrade 
school. It has been tried successfully in my country. Since we now know the 
enormous capacity of young children to learn and their natural curiosity, 1 
believe that it is a very promising field for the investment. 

A number of contributors suggested that we look at other industrial 
countries and change our requirements accordingly. _ On this issue my 
recommendation is, "Slowly, please. " An engineer from the U.S.S.R. will hot 
qualify in this country, nor will a medical physician. A Japanese engineer 
will qualify.- Yet we cannot expect of bur education system what we can expect 
of the Japanese; We don't give the same restrict to our teachers that they 
give. Nor do we give the salaries or gr ovi/i * the outstanding facilities that 
the Germans give to their teachers. 



I would also encourage industries to cooipete with each other in 
publicizing how much they give to education relative to their total budgets. 
Maybe it should become a slogan with advertising, "We are better because we 
care. We give more to schools.** 

That leads me to my bhe-bef bre-my-last point, and _t'«_r«: *j an urgent heed 
for improvement of your public relations skills when it tc do with your 
schools. • 

Anne Flowers in her paper quoted Cremin, that we are providing a 
remarkably successful education program to the general population, and I think 

that is not well enough known. %Z_don^t yoi irform the public that in spiter. 

of all these difficulties, there are outstanding things going on in your 
schools? * 

I can tell you again as an outsider, do you know you have a remarkable 
system of libraries—even in the very small schools— outstanding curriculum 
centers? I could go on and on and on. Yet you would benefit greatly if only 
a little of your vigorous salesmanship and marketing skills could be applied 
to your schools. " - 

Last but not least, just as a civilized country should be judged by the 
place it provides fir its elders, and hot for its football players^ I firmly 
believe that a country should also be judged by the priority it allocates for 
education, meaning per capita expenditure on education. In that respect, I 
must give full credit to my own country , where education comes second drily to 
security. 

Perhaps the United States government _should locate education as part of 
its defense and security in| order to maintain its excellence and the leading 
position which it so thoroughly deserves in our present world. 
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SUMMARY AND DIRECTIONS FOR ACTION 



Thomas L. Good 
Gail M. Hinkel _ 
University of Missouri-Columbia 



The summary of conference papers and discussion does not provide a clear 

mandate for action to resolve the teacher shortage and general literacy 

problem (teachers, citizens, students) in mathematics_and science^ Certainly 
there were important and heaitl^ differences among participants in how they 
define the problems and in the steps they believe are most likely to solve the 
difficulties. *fie conference provided a broader understanding of the 
problems, identified several points which heed resolution (and which call for 
basic research and development activities), and produced examples of what some 
agencies, school districts, and universities are doing in response to the 
teacher shortage and the literacy problems. The information, ideas, and 
problems identified at the conference will be of value to school systems as 
they deal with these issues and to decision makers who face difficult but 
important policy challenges. 

As we write this document in early March* several States are passing 
legislation that addresses certain aspects of the problem (e.g., higher 
curriculum standards). The Congress of the United States is now deliberating 
legislation that will provide badly heeded funds that can be used to help 
correct deficiencies in these areas. 

Considering the rapidly growing public concern over these issues and the 
money that Congress will soon make available, we believe it is likely that the 
^^y^PPF 0 ?^*???* ^_P9??^y_?P e ??_^? most instances. Although the 
funding will probably be inadequate, careful thought before Miese funds are 
spent will (or would) have more significant* long-term effects than quick 
spending will achieve. We acknowledge that there is j^h acute shortage of 
mathematics and science teachers* and particularly of well-qualified teachers. 
The problem is enormous and important and the_ continued economic productivity 
of the United States depends upon a successful, long-term response to the 
shortage and the related prob : M of scientific and mathematical literacy. 
Clearly, some action must be takeh immediately; however, we believe that 
certain aspects of the shortage can best be solved by discussion arid basic 
research rather than by quick spending and radical changes in the curriculum 
that are based primarily on short-term reaction or impulse. 



What, then, are the issues th§t the participants at this conference 
believe should be studied? In response to this question, we will discuss 
topics upon yhich there was reasonable consensus among participants and 
general problems which cannot be adequately solved by individual States or 




school districts, 
curriculum reform 




And instruction* and 



tent ion. 




increa s ing public support (which involve 




salaries, the status, and 
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Curriculum Refo rm 



The most prevalent view expressed at the conference about the current 
status of mathematics and science education was that 95 percent of our 
students (and citizens) need better mathematics and science training , not the 
top 5 percent. Participants generally .agreed that the present curriculum was 
producing an adequate number of advanced' scientists and that our supply of 

^??P?i? n *^y_??l? n ted_students _is_ndt in jeopardy. Stilly most of the 

programs described at the conference were designed to identify and to educate 
gifted and /or minority youth, this is of course understandable (and we need 
such programs) , but it is regrettable that more attention has not been placed 
upon improving the mathematics/science curriculum for the average student. 
The most important issue concerns what can be done to prepare citizens who 
understand and are therefore capable of using technology in _itttelli8???^an<i 
appropriate ways and thus of making informed decisions ftout teclmoiogica^y-- 

rejated_ issues. The answers to this question were varied and complex, but the 

most frequent response was the call for a more appropriate, relevant curriculum 
and for qualified teachers to implement and expand it (we will return to the 
teacher issue later). 

Beyond the_ frequently stated opinion that cnrricalum reform was needed , 
there was little agreement as to wtet direction this reform should take 

_^P_?^?lL??_? c ?'?? tl ^ i ? a ^iy conduct their own content analyses of 
conference proceedings should review this massive report. • .we_ encourage 
replication efforts). In part, this is because the conference was organized 
primarily, as a problem stating group and hence, little time was spent dis- 
cussing the hew curriculum. __Because of _decli^ng test scores and student 
interest, dissatisfaction with, many science and mathematics textbooks t, etc., 
there is societal consensus that curriculum reform is needed. But poor 
performances on assessment instruments do hot tell us what abilities should 
be measured or how to correct identified problems. 

To many citizens and educators, _ curriculum reform means more courses and 
indeed many States have passed legistation ^^ch requires that students take 
more courses i in mathematics and science. However , considering that many 
students idevelop a distaste for science, in elementary school, mandating more 
coursewoik without seriously studying the quality of science and mathematics 
curricula, particularly in the early grades, may exacerbate the problem. 

Although mcrt papers at the conference addressed the problems of mathe- 
matics and science education in secondary schools^ we believe that if 
secondary science' education is to be improved, it will be necessary to 
simultaneously increasebbth the quantity and quality of science education at 
the elementary level. Studies by Ebmeier and Ziomek (1983) and Stake and 

Easley ^1978) indicate that most, elementary pupils receive little^ or no ;_ 

instruction in science. In a study of 75 teachers in^grades 2-6* Ebmeier and 
Ziomek found that an average of on±v 15 minutes per week was spent on science 
in second grade classes^ By fifth grade, this time had only increased to 43 • 
minutes.. Furthermore , the time spent bh science in most classes was consid- 
erably lower than what the district recommended. 
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Still * we need further descriptive data on which to base curriculum reform 
efforts.. Until we have such information, it is hard to know how much time 
should be taken from other curricula areas and devoted to science. Schools 
have many subjects of limited value (especially secondary schools), and 
curriculum reform in mathematics and science must involve an examination of 
the total curriculum by mathematicians and scientists, teacher educators, and 
classroom teachers to determine how the curriculum should be altered; 



Sc^ntific knowledge is presently growing at a rapid pace and it appears 
that many technological advances will be made in the next few years. If « the 
United States hopes to prepare its citizens to live in a world heavily 
influenced by technology, educators must determine what scientific information 
and processes students should know. What do we mean by a "technologically 
literate" citizen? Although there is no simple answer, to such a question, we 
believe thdt it is imperative that the current curriculum* be described and 
serious scholarship conducted to determine how it should be modified. 

Although we acknowledge that the curriculum needs reform, we are not 
certain what the nature of that reform should be. In fact, it will be 
impossible to make useful changes unless there is a clear understanding of 
what the curriculum is and should be. We therefore urge that at least some 
appropriated funds be spent in ±983-84 for commissioned work designed to' 
identify possible areas of reform and ways to achieve improvements. What do 
we rant students to be doing in classrooms in 1993? What are the criteria 
that we Will use in 1993 to determine whether or hot the money and time_ 
expended in the past ten years have substantially improved technological 
literacy? Seribusstudy of these, goals in advance might make it more likely 
that curriculum reform efforts will be at least moderately successful. 

Some excellent study of curriculum refornt has ^en^de. For example, 
the National Council of Teachers of Mathematics has produced a useful, 
comprehensive statement outlining the mathematics curriculum needed in the 
1980* s. This report strongly advocates more attention to problem solving but 
does not define problem solving at a functional level. Funds invested in 
carefully designed conferences* research studies, and development activities 
might yield criteria that could be fcsed to construct and to evaluate curricula. 
With criteria and a broader understanding of what is meant by problem Solving 

(and other terms such as "scientific literacy") we could begin to answer' a 

variety of practical and important questions such as the following! ? ow do 

operationally define problem solving? How do we differentiate appropriate 

problem-solving t«aching^from inapproprfate or poor instruction? What percent 
of our teachers attfftnpt to teach problem solving? How do teachers' 
definitions of problem solving compare to those called fbrih curriculum 
reform efforts? How do teachers whose definitions of problem solving 
correspond with those advocated *ii the curriculum reform teach (or structure 
their classes) problem solving?. What is appropriate and inappropriate about 
present curriculum experiences for students? 

Funds invested in development designed to clarify intended curriculum 
reform could use new technology (as well as decribe it). For example, 
competent teachers who include problem-solving instruction in their curricula 
could be identified and videotaped and these tapes could be shown to other 
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teachers to demonstrate techniques and activities^ which characterize effective 
problem-solving instruction. We therefore believe that if classroom teachers i 
educators, and scientists are given sufficient frads it wo^d be possible to 
identify and develop more appropriate curricula and to demonstrate them more 
effectiyely^than the rapid innovation that has characterized past change in 
American curricula allows. As any student of educational history realized, 
attempts to clarify terms involved in curriculum reform, efforts (discovery 
learning, open education, process science, new mathematics) have traditionally 
come only after a reform has been tried and subsequent evaluative data are 

negative or uninterp re table. If conceptual clarity were achieved ,,and 

implementation measures constructed, it would be possible for empirical 
research conducted in 1984 and 1985 to determine whether new curricula had 
positively affected students 1 skills and interest in science and mathematics. 

Although we do hot advocate a national curriculum, we do believe that the 

delineation of key curriculum and instructional terms is important. For 

example, there are many questions concerning instruction about an important 
mathematics concept like "variable:- When should it be ittroduced in the 
curriculum? What should followf These are issues that individual school 
districts cannot adequately resolve with existing budgets and personnel. 

In essence, eaphday in American classrooms, thousands of _ittformai "field 
ejcperimehts- occur when teachers use their own approaches to present various 
concepts or principles contained in school curricula -. There is growing 
evidence some teachers cannot improve upon the poor quality of text materials 
(because of inadequate backgrounds in science and mathematics) and thus distort 
the concepts they intend to teach, so that many students 1 misunderstandings of 
some concepts are hot corrected, "despite instruction. Furthermore, , research 
bh instruction in specific scientific concepts in 14 fif thrgrade classes 
(Eaton, Anderson, and Smith, in press) demonstrates that many students bring 
to the classroom miaconcepti^ns about scientific concepts such as light and 
vision. In this study, some misconceptions were reinforced by the textbook and 
the accompanying teacher's guide. . It is therefore not surprising that even 
after 6 weeks of instruction* three-fourths of the students studied still held 
basic misconceptions about these concepts (see Brophy, 1982 for a detailed 
discussion of teacher distortion of intended instruction and dependence bh 
textbook materials) • j 

Because-many teachers do rely heavily bh t e xtboo ks and teachers' guides 
for instruction, any attempt at reform of curriculu m a nd instruc ti on must 
necessarily include a careful e x aiirt tint lo fi o f textbooks. Freeman, Kuhs, _ 
Porter* Flbdeh* Schmidt, and Schwille (in press) suggest that the textbook a 
teacher uses largely determines the curriculum students receive. However, 
thMe investigators found that the mathematics curricula presented in four 
textbook series which dominate the market vary considerably. They also found 
considerable differences between the content of various textbook series and 
that measured by some standardized mathematics achievement tests. 

One recent criticism of the science curriculum is that it is passive, that 
students learn the knowledge of science (facts, concepts, findings. . .generated 
by others) but teve little opportunity to engage in the prbcessof science. 
Telling such teachers to include more science process and less content in 
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their curricula is a0_iifc e *y_ tC3 ?9_* he problem as to correct it • JSuch a 
recommendation would variously interpreted and implemented^ In addition to 
study to provide a purpose and direction to general curriculum reform, we need 
research and development that will help teachers understand major scientific 
concepts and learn alternative ways ± n which such concepts can be taught (to 
determine how the gen et *l goals of curriculum reform could be implemented in 
specific instances) ; 

Although there t s ®vi4?*ice that effective instruction can make important 

differences in how m u £h students learn and retain, most of this research has 
hot examined the lear^^ _°f specific and subject Setter concepts in 
particular contexts. Si>m& funds should be designated for identifying 
important curriculum concepts, devising interesting ways t<^ pre sent those - 
concepts an 4^? r _ t ?_aiJ C) ^_ ?*-?d eri ts to discover them. ?^?h w ork could be 
completed at a national level by teams composed of teachers, educators, and 
scientists. Ultimately* value of such work should be tested by empirical 
research. 

We suggest that t^a^he^s would benefit from viewing videotapes oS 
competent, talented t^^hi^s conducting classroom activities related to key 
concepts or issues (variable, quantam theory, place value, equivalent 

fractions). Although it ^° u i d be impossible to film instruction in many 

concepts (at least it^^aliy) » it seeffis important to assemble video libraries 
that illustrate the pfO^eS 3 or problem-solving skills called for in relation 
to particular concept^ ?P_^ e ?l ?s to the areas of science and mathematics 
generally. Carefully selected video lessons would be an improvement over most 
classroom observation, *nd videotapes could be supplemented by discussion of 
salient aspects of te^ c ^iSg situations. The potential is especially great in 
science, where time i^P&e photography and other techniques can allow students 
to observe the ef f pi t 0 ?f intervention or to see change occurring oyer time 
periods* and thus to ^<*t the benefits of an experiment, when actually doing 
brie experiment in_ the might be too expensive or time consuming, or 

otherwise unfeasible. _^ variety of technological advances have occurred in 
the past decade, but^Sctdsg has been largely unaffected by them Such 
development work is ci^Sp relatively straightforward, and it is therefore 
surprising that so lit^ie h a s taken place. 

Ultimately, such ^^k Sight lead to a better understanding of issues such 
as productive strate^ ^ j^gjcheis can use, problems or misunderstandings 
students are likelv^^ JU yglbP when attempfeirig-td learn concept s, ^lbw^hese 
- misconceptions can b* <5§t g^ed, and vhat specific str at e gies te achers nsan^use 
to help students id.tg ^^ rt4fiular tiiig u nder standi ngs . Such basic information 
could vastly improve e^^?- ar y and secondary education in this country. Some 
research in this are* Ws been completed (see Brophy, 1982) , but it has not 
been organized around J^pd^ant subject matter concepts. 

S imulat ion/ ^rricultto ^^^ lppment 

Considering that technology can also make complex phenomena cone and 
accessible to students* bi* .bonders why more first-rate simulations and videos 
illustrating scientifi^_pr?cesses are not available. For example, some of the 
complex time/motion c 0 t* c epts in physics are easy to depict on video. Video- 




tapes of important experiments i in science would do much to allow students to 
see scientific data being collected and to witness the process of knowledge 
being accumulated over time until it has practical consequences. Appropriate! 
selective use of a few demonstrations of the scientific process could help 
students to develop a respect for the need to measure carefully, to change 
perceptions as data accumulate , etc.. Naturally, videotapes would not be a 
substitute for students* actual conduction of, or involvement with, science 
experiments. 

Although curriculum goals are affected by local needs and preferences, the 
cost of producing exemplary scientific videos and simulation activities is so 
fiigh that few school districts could afford to develop the*. However, once 
produced at the national level, they would be valuable resr^rees for many 
school districts. 

Several part icipants at the conference suggested that few students 
actually apiply the principles of science before they pursue advanced degrees. 
Legislation presently being acted upon in Congress involves expenditures for 

the purchase of new scientific equipment as well as the repair of existing 

laboratories. Students undoubtedly need laboratories if they are to practice 
science; however, many teachers will need training in order to use new 
equipment • 

Improving curricula and bringing technology into schools where teachers 
are pot prepared to use tfiem will create massive training needs which will 
require attention and funds. For example, local districts rill need help in 
acquiring* maintaining, and using new equipment appropriately. National 
research and development activities should be conducted to help local school 
districts evaluate their success in training inservice teachers to use new 
curricula and equipment. 

c 

Teacher Education 

If the public school curriculum is to te^ 
must be paid to the teacher education curriculum and funds need to be invested 
(as Lanier aid Porter suggested) to study the relatlbnahip between knowledge 
of matheaaatics and science and classroom teaching. We need to know the 
content of teacher education programs if suchprbgrams are to^te evaluated and 
improved. Unfortunately* we have a paucity of reliable information about how 
teacher education programs affect teachers^be^efs A Jmoidedge^ and skills and 
how short-term training influences long-term teaching performance. 

Although some teacher education programs are helping teachers learn about 
and utilize technology (computers* video simulation, etc.), we suspect that 
many are not. Teacher education institutions face complex decisions as they 
attempt to allocate scarce resources. For example^ they must decide whether 
teachers should be familiar with computer simulations or be able to design 
simulations. That is, should teachers merely know where to obtain computer 
software or should they know how to improve inadequate software themselves? 

Another important issue which teacher education institutions must address 
concerns whether elementary teachers should be trained as generalists (as most 
currently are) or as specialists, in order to possess a thorough knowledge of 
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subject t matter in any area, multiple, diverse curricula materials and 
relevant instructional techniques, elementary teachers may need to be trained 
a,3 specialists. Such training may be especially necessary for effectively 
teaching a subject such as science, where new information and developments 
occur rapidly. 

It seems tb us that some Federal support and subsequent research ^ guided 
by agencies like the National Institute of Education and the National Science 
Fcundation) could help to indicate in more detail how scarce resources can be 
used advantageously in teacher education programs^ It would be pointless and 
wasteful for each school district to develop its own curricula and programs 
for improving the technologically-related skills of teachers and students. 



in mathematics and science. To obtain curriculum goals, however, it_w±li be 
necessary to conduct basic research on classroom processes related to these 
goals. In this section we will describe an important but neglected curriculum 
*rea in mathematics, problem solving. This discussion illustrates why 
research is desirable if improvements are to be made in classroom instruction 
and in learning. 

In a recent examination of much of the mathematics education literature, 
we found many statements concerning how problem solyint should be taught; 
however, we found no careful analyses of classroom instruction in problem 
solving. There are critiques of textbooks and critical and insightful 

examinations of student performance. Indeed, some of the research ^ 

illustrating that students can answer mathematical problems correctly without 
understanding them is quite important and intriguing. Still, it is curious 
that nowhere in the literature can we find statements describing, what takes 
place when teachers teach problem solving. How do classroom teachers define 
problem solving and how do they attempt to teach it? How much time is rspent 
on problem solving? At present, there are no dependable data with which to 
answer such questions. It seems to us that if one wants to improve the 
mathematical problem-solving ability of students in American classrooms, these 
questions must be answered. 

Thus* mathematics educators should conduct observational studies of 
classrooms during instruction in problem soling, particularly in classrooms 
"%of teachers who are especially adept at teaching problem solving. There are 
v both theoretical, conceptual, and empirical reasons for conducting such 
studies. Polya (±96§5 notes that solving problems is very much a practical 
art and, like swimming of playing the piano, it caii be learned only by 
imitation and practice. He suggests that in order to become a probing solver, 
one has to sblv<^ problems. He points but that one of the ways students can 
become more skilleii at problem solving is t>: having active teachers who can 
demonstrate the process by formulating choices carpf ully and can illustrate 
ways in which to deal ^ith proposed problems. We realize that there are many 
alternative ways to characterize problem solving; however, Poly a' s emphases is 
plausible and provides a rationale for examining ongoing classroom instruction. 
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Similarly, J~ v > that students are deficient in other important 

ma thematic* \ <<. r *» - Sscti •"problems** can also be remedied through careful 
6b3erv»tic^ experimentation (for some recent work on estimation skills, 
see R**t *>estgen, 1981). 



There is ample documentation from the mid 1970* s and early 1986 1 a that we 
can gain valuable information by studying competent teachers. Several 
extensive" research programs funded by the National Institute of Education 
provide observational evidence that teachers vary in how they think, act, and 
use time in the classroom. Furthermore, these variations among teachers have 
been related to student achievement in several field experiments (see Gage, 
1983; Brophy, 1979, 1983 j and Good, Grouws, and Ebnaier, 19835 * 

We know considerably more about classroom teaching than we did a decade 
ago. In 1973, our information about the effects of classroom conditions on 
student achievement was weak and contradictory. In the ensuing ten years 
research (much of it influenced by funds and coordination from the National 
Institute of Education) on basic skill instruction, especially in reading and 
mathematics, has a'^ fro* ?_?tate of confusion to a point 1 * ere several 
successful experiments hava been conducted, these studies, in contrast to 
leas sophisticated and often methodologically flawed research, that took place 
in the past, illustrate that teacher behavior can significantly affect student 
achievement. 

Furthermore* there is evidence that the sWlis effective teachers use can 
be taught to other teachers. In building a program of active mathematics 
teaching , Good and Grows (±9795 began by observing how more and less 
effective teachers (using student performance as the operational definition of 
effectiveness) taught. We combined this information with other research in 

order to build a teaching program. that could be tested in intact classrooms. 

Findings showed that the program jk * seitive Jmpact on student learning and 
that most teachers could implem***' cites vogram without much difficulty. We 
felt that too much mathematics vroi^ in elementary schools involves a brief 
teacher presentation and a long pericd of sea t work • Such. brief explanat ions 

before seatwork dd not allow for meaningful and successful practice of 

concepts that have been_ taught) and the conditions necessary for students to 
discover or use principles on their own are also lacking, the program helped 
some teachers to overcome these problems. 

\ the argument here is that much, can be learned from the serious study of 
practice. As Fibwer/s^ Lanier, and Kelly noted, many m?tha about educational 

practice exist, in part because we possess _*few data _?ith which to describe 

practice. What data we do have indicate that teaching practice is much more 
varied than most people currently] believe and hence, simple, generalized 
recommendations (e.g., increase time on task) will do "more harm than good. 
Some participants at this conference suggested that teachers need to talk less 
and let students do more science. However, in many classrooms, teachers 
hardly talk at all and students are l^ft to complete dismal "science" _ n _ 
worksheets. I In such classrooms, J teachers should taHc more (about the meaning 
of science; the concepts being studied) and students do hot need to do more 
science* but adifferent science. Curriculum reform without descriptive 
research is, in our opinions self-defeating. 



272 



ERLC 



Although much recent research examines basic skill instruction, ^jhere is 

reason to believe that other processes coulft be effectively studied by the 
observation-development-fieid experiment research approach described above 
If goals of curriculum reform and key concepts are identified, research could 
be directed at these areas* 

The focus of such future work should not be limited to teachers. A 
similar observational model for understanding mathematics learning has been 
used by Krutetskii (1976) to study how excellent students attempt to learn 
mathematics. Also, as noted earlier, a growing number of researchers are 
ijiterested in student ^havtor ^eigi, time on task) and perceptions (Do they 
view problem-solving assignments as a challenge?), and such work can help to 
make instruction more effective (see for example, Peterson and Swing, 1982; 6 / 
Weinstein, 1983). ' / 

Many strategies for promoting effective learning are hot common aspect* of 
classroom, practice and thus the study of practice is not the only way to bring 
about desirable change. For example, Rosenshine (1983) demonstrates that 
successful school programs can be achieved through systematic thinking and 
development independent of sustained observation of teachers. 



Our purpose here is not^to identify research areas, questions, or 
paradigms that merit support. We do wish to suggest a general direction which 
we believe some future research should take. 

Past research has been aimed at the curriculum, or teachers, or students. 
As we stated earlier ^ if research is to be effective* its context must be 
focused. However, within the particulars of a given research study (e.g. , 
middle school science classes), and subject matter issues that are being 
studied as well as how teacher s and studen ts think and behave when they study 
particular concepts. Furthermore, curriculum research tends to examine 
content, sequence, and pace issues and to Ignore what teachers and students do 
when they actually study curriculum^ 

We also believe that teachers an** ^students need better science textbooks 
and teachers need manuals to help them understand the concepts and processes 
they, teach. Without better materials and better illustrations of effective , 
teaching/learning environments, students* scientific literacy will not improve. 

More complete theories of instruction in n^thematics and science (and of 
instruction generally) must also be developed. Lee Shulman suggested at this 
conference that there should be more structure to classroom i ns * : r ,JC 5i on i_ a ?d_ 
?f**? ? t:a ^ e ?^ sf understanding and knowledge of a subject should accumulate and 
develop over time. According to Shulman, the last short story taught in an 
English class or the last unit in an algebra course should be taught /learned 
somewhat differently than the first material, because students hopefully have 
learned concepts, principles, and procedures for analyzing stories and 
problems. However, we have no instructional: theories which enable us to 
examine these issues and little extant empirical data upon which to build such 
theories. As Brutier (1966) noted, a theory of instruction needs "to describe 
the ways in^hich knowledge and^oncepts can be effectively sequenced so that 
students' understanding of instruction is enhanced. 
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Recognition of Teachers 

In a variety of rays conference participants expressed tteir belief that 
teachers need more pay, recognition, public support, and better working 
conditions. We agree. Hany teachers have dif *tc . It Jobs, are poorly paid, 
and are frequently the targets of societal cfc *cism. However, _we most 
recognize that there. is variation among teachers. Unfortunately, educators? 
researchers, the public, ^and even teachers suggest that most teadtera^behaye 
alike and* have similar effects (whether positive or negative) on students. 
For example, some conference participants suggested that teachers are not 
capable of modeling prbbienFsolving strategies - 9 and other researchers 
indicated tfiat most teachers teach mathematics in the same unproductive 
fashion.- Others suggested that the study of teacher behavior has been 
unproductive _ind recommend that research address other aireas. We submit that 
these generalizations about teachers and teaching j>f ten result from the 
failure to recognize variations in teaching performance ._ Xnreality* aoae 
teachers are worthy of emulation and others are not; some offer exciting, 
productive classrooms, and others' classrooms are poorly organized and taught, 
and little productive learning occurs. : 

Because of society's failure to recognize and to reward satisfactorily 
competent teachers, many, teachers (particularly the best ones) have left 
teaching. They do not want to work at an occupation that has low pay* -little 
intellectual Stimulation, and little opportunity for advancement. As 
Wimpelberg and King (1983) state, "To endure the conditions ac companying life 
as a t*rscher, the person must have elaborate support systems, unusually high 
commitment to the roles and tasks of the job A or~on^he negative side — no 
rt-^c occupational alternatives.- Many conference participants pointed out 
that teacher salaries (especially those of experienced teacSRrs) are too low 
and that teachers continue to^btain salary increments that are considerably 
less than those of other white-collar workers. There appear* to be widespread 
and growing dissatisfaction Stobng teachers with their pay and professional 
status. 

Schlechty and Vfcnce (If 83) present data Which indicate that too many of 
the most effective teadiers *re leaving the prof easioc and that many students 
with higher aptitudes no longer enter teacher education, programs. Despite 

evidence that the pool of bright students seeking enrollment in teacher 

education programs ' is declining, some teacher education programs stSil attract 
qualified candidates, tot example? at the Gniversity of Missouri, students 
who enter the teacher education progrm rank at the 70th percentile of their 
high school classes (this figure has remained stable for 10 years). 

Tfiough we face a serious problem at present, it is still a solvable one ~. 
However, after another two to five yeari of neglect (particniarly of the 
salary issue) and th^Joss of a hi^er percentage of capable teachers, the 
situation may become unmanageable. Because of a decline in the overall 
quality. of teachers, ^it is more difficult for an individual teacher to be 

effective . Furthermore , because of increased public concern over the 

performance of public schools, there I s a growing unwillingness to fond public 
education. j ' * • 

"\ , • •■ /" ; . Y- 
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There is much that can and should be corrected in many teacher education 
programs and in public schools. Besides increased pay^ there are other ways 
in which teachers can be compensated, For example, more documentation of 
teachers* -preferences concerning the conditions and professional duties 
associated with teaching would be useful. Among the many options that could 

be uded to improve teaching conditions.: summer employment opportunities in 

Business or industry ; reducing record keeping and other clerical duties; three 

to four hours a week during the school day for planning; release time to 

observe other teachers, discuss instructional strategies, and view classroom 
films with other teachers; the chance to specialize i ( Why should elementary 
school teachers be asked to be Icnowledgeable in several subjects?); helping 
educators and researchers to develop curricula; free college tuition for 
computer and science classes; more involvement by college and business 
personnel in actual classroom instruction; and preparation of learning aids. 
Although moat current legislation is interred to encourage persons to become 
mathematics and science teachers, the concixcions of teaching must be altered 
so it becomes a more challenging, interesting occupation. We are especially 
encouraged by proposals that advocate bringing non-teachers t<o the classroom 
to share knowledge an I expertise. 

In the final section of the paper, we would like to di iss a salary plan 
that has received considerable attention, and the possibi: of national 
study and development to help guide local school districts in devising salary 
plans and allocating resources. 

.7 

-Teacher 



We have suggested many ways in which teaching can be made more attractive 
an^ prestigious; seribu?^tudy of teachers; the sharing of teachers* successes 
with the public; raising salaries; improving working conditions; and altering 
teachers 1 duties Crble). Yet another way to improve teachers^ morale and 
classroom performance* and thus to attract more talented persons to teaching, 
is to identify and reward exceptional teachers. 

Teachers who achieve excellence in classroom instruction* curriculum 
development, and supervision and training of other teachers should be identi- 
fied and rewarded, tfnf ortunately* teachers who have taught for seven to ten 
years and who have similar training receive similar compensation, irrespective 
of whether they work 35 hours a week and perform dismally in the classroom or 
work 75 hours a week and perform superbly. The reward structure of teaching 

is fiat (tmstagecl) and salaries are usually based on years of classroom 

teaching and the number of post-graduate course? completed. There is ittle 
opportunity for Advancement , and most teachers reach the apex of the salary 
schedule in about 15 years. At the conference, ferrel Bell, Secretary of the 
Department of Education* also advocated increased pay for master teachers. 

However, the potential advantages of a Master Teac. : plan are hot assured, 
and all incentive plans bave^ problems. Participants at t his conference argued 
that- the problem facing American schools was a decline in gener^jeagheg 
moraleand^hat i:itis problem needs actehtlbn if the tea c her shortage in mathe- 
mat^cg and science is to be remedied. The present pay of average teachers is 
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least to some degree), this Is an 
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much too low, and If funds for master teachers' salary increases come at the 
expense of upgrading teachers^ salaries generally (a common teacher objection 
to this plan), general teacher morale is likely tb be negatively affected. 
However, most differential pay plans proposed to date require *Ehst funds Jffl^ 
added to educational budgets; money is not being taken from some teachers^ 
P*y_9?^®?l? the extent that funds for master teachers are part of a p. 
t( ^_ increase the salaries of all teachers Cat 
encouraging strategy to explore. 

Others argue that decisions about who should be designated master teachers 
will cause dissension among teachers. First], many teachers believe they are 
butstanding_teachers and will^be disappointed when nbt\ selected as master 
teachers^ , Furthermore, some fear that the Criteria f br^ selection will relate 
more to political savvy than tb teaching skill or subject matter knowledge. 
However, the obvious fact that reliable criteria will be difficult to 
establish does not mean ttat we should not cry to define levels or stages of 
professional advancement in^ teaching. We must be certain, though, to define 
the criteria carefully, revise and review such criteria periodically, and 
seriously study related issues (who sets the criteria, how judgments are 
actually made) if such plans are tb work. ; \ 

/ _ . , \ 

Wh±ie rewards f or^teacUeirs are important, a large measure of the value of 
such a plan lies in :he discussion it encourages about what constitutes 
excellence in teaching as citizens, public officials, teachers, and teacher 
educators debate this issue. A focus on excellence in teaching would help to 
identify positive aspects of schooling and enable the public to become more 
aware of the complexities of teaching. An increased public awareness, might 
lead to greater gains for all teachers (i.e., an increased public willingness 
to fund higher salaries). Further, master teache ^lanc _coold add ti our 
knowledge of classroom practice and increase our tctty to illustrate to 
other, teachers strategies that are particularly ' -resting bS effective. For 
example - 9 master teachers could use videotapes bi r clasarcom performance, 

curriculum units they have developed, or student., pro J icts in! order to assist 
in the training of other teachers. ^ 

We suspect that master teacher plans will have more effects in some school 
districts than in others and that in too many cases funds will hz spent in way* 
that will hot encourage or reward competent teachers. Many plans address the 
irn^icvement of teaching generally and the need for master teachers (see for 
example, Schlechty and Vance, 1983). However, an immediate attempt to identify 
and examine Issues and problems associated with the implementation of master 
teacher plans and alternative _^y?_°?_? e ?PP?^^5? _ ?^ es * ^probl 'ais would 
involve money reii spent to provide important technical and conceptual supnort 
to local school districts. .though local districts ~z+d to identify and co 
reward those school processes and products that they value, it deems a waste 
to require every school district to address a number of sophisticated technical 
questions that require the attention of economists, psychologists (How much 
money xs nee ssary for rear incentive?) , sociologists (Hew can the potentially 
aivisive effects of jom^tition be minimized? How should _care;*r| ladders be 
structured?), as well as ciasaroom researchers, subject matter specialists, 
and measurement specialists. If the plan is tb work, serious conceptual study 
must occur. It will probably be necessary to define several stages in the 
teaching career ladder (each involving extra c % jpensation) toward lue final 

t 
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status of a master teacher. At each stage teachers' prof eesibnal duties could 
expand to include curriculum development, assisting with research, and super- 
vision and training of dl' er teachers. 

* 

Conc l u si on 

The shortage of qualified mmathematics and science teachers is an important 
problem that merits immediate expenditures and action, there is considerable 
evidence that science is infrequently taught in elementary schools (e.g., 
Ebmeier and , Zio^ek, 1983). Furthermore, participants at this conference gene- 
rally agreed that instruction in mathematics. and science is often inadequate, 
however, because of a lack of research in this area, few participants described 
specific changes wtoich are needed. Not only do we need 'more and better 
qualified teachers, we must also have improved curricula, textbooks, 
instructional theories, and procedures for making mathematics and science more 
meaningful. Although it may be appropriate that some additional time should 
be spent on mathematics and science instruction, th e quality of the curriculum 
and the quality of teaching should be our most important concern. 

Before science and mathematics curricula ( and instruction are altered 
effectively, however, educators, researchers^ mathematicians, citizens, and 
teachers must comprehensively assess the curriculum and instruction currently 
offered in American schools in order to make intelligent decisions about 
charges which are necessary. This is because we not only heed citizens who 
are scientifically literate, but citizens must also have a sense of history, 
the ability to express themselves, md an appreciatioa of and skills necessary 
for participating in tho democratic process, etc. 

It i* clear that the entire American public school curriculum needs 
serious scu^y; We believe that many courses in the present curriculum are 
unneeded a^ that evaluation and reform of general curricUla are necessary 
steps if we are to take appropriate actions in reforming mathematics and 
science curricula. 

Lbng-^terni solutions are possible and fund* should be invested in national 
research and development. The problems related to curricula, teacher 
shortages, technology, and instruction are general ones. Local school 
districts currently have limited options for addressing such issues ^e.g., 
they can cti-Jo&e among poor curriculum series) i However^ State and local 
districts ceu utilize the resuxts of national research and development to 
examine more alternatives and criteria for making decisions about improving 
curriculum and instruction. 
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